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1. Inclosed is the report "Setting Control Boundaries from Igloos- Storing Pyrophoric 
Depleted Uranium." This document details the physical, environmental, and regulatory 
grounds limiting exposure to toxic, airborne aerosols of Uranium-238 in the event of 
unplanned ignition and fire of associated munitions. 

2. Point of contact for additional information is Michael Funkhouser, Autovon 
354-5437 or Robert C. McMillan, Autovon 354-5133, this Command. 

FOR THE COMMANDER: 


EMIL J . YORK 1 

Chief, Material Technology Laboratory 


CF: Cdr , AFMSC/SGPZ (Cpt Bollinger) 
Cdr , DRDAR— SCN— P (Dr. Bloore) 
Cdr, DRXOS-ES (L. Foley) 

Cdr, HSE-RH (H. Edge) 


SETTING CONTROL BOUNDARIES FROM 
IGLOOS STORING PYROPHORIC DEPLETED URANIUM (DU) 


1. PURPOSE: 


a. A set of control boundaries are provided in this report and extend from 
stockpiles of munitions incorporating depleted uranium (DU) whether in storage or 
m transit. These boundaries minimize potential exposure to toxic, airborne* 
aerosols of pyrophoric uranium. 


b. These control boundaries represent a characteristic measurement of dose 
rom an inhaled aerosol of uranium generated by an unplanned ignition of associated 
munitions. This measurement is a complex calculation. Viable regulatory limits 
must be assessed for a single acute emergency release of a radio-chemical agent. 
Significant population differences will mitigate toxic exposures to this agent. 

- P ysical characteristics of the agent, on-site storage configuration of associated 
munitions, and local micro-meteorological conditions will necessarily impact on 
the final dose commitment to any one individual at the control boundary. 

2 - REGULATORY LIMITS AND RADIOLOGICAL MODELS. 

. a * Curren t regulatory requirements limiting exposure to concentrations of 
airborne aerosols of. uranium are derived from extensive research and industrial 
epidemiology. The Nuclear Regulatory Commission (NRC) has promulgated Table I 
Appendix B, at 10 CFR 20 which limits weekly occupational exposure to aerosols'of 
Uranium-238 (DU) at 0.2 mg/m 3 for a time integrated concentration (CT) factor of 
8 mg*hr/m J . 

b. Similarly the American Conference of Governmental Industrial Hygienists 
(ACGIH) has recommended a Threshold Limit Value of 0.25 mg/m 3 at references 1 and 

(at paragraph 9 ) for airborne concentrations of uranium and its aerosols. 

c. A significant proposal by I.S. Eve at reference 3, incl 1, suggests a 
maximum planned emergency inhalation for occupationally exposed persons to 10 mg 
of uranium. At a breathing rate of 1.25 m 3 /hr, a maximum planned emergency CT 
factor of 8 mg-hr/m- 5 or 480 mg*min/m 3 is calculated. 


t d *’f j T ^ 1S Val ? e is consistent wi th both the Reference Man Model and the Task Group 
Lung Model as calculated by McMillan and Air Force at references 4 and 5. Although 
these models assess radiological toxicity, chemical toxicity to the kidnevs follow- 
ing acute inhalation of somatic transportable DU at references 6 and 7 cannot be 
dismissed. Hence, a CT factor of 480 mg*min/m 3 is not only conservative with 
respect to the radiological models as reported; it is also consistent with labora- 
ory stu les at references 1, 2, 7, 8, 9, 10 and 11 assessing nephrotoxicity 
following acute inhalation and ingestion of both soluble and insoluble uranium 
compounds in excess of 480 mg-min/m 3 . 


3. PHYSICAL AND CHEMICAL PROPERTIES. 


a. Uranium is a dense metallic white metal which is pyrophoric when finelv 
divided. It oxidizes in air and dissolves in acidic solution. Natural uranium 
consists of three isotopes: U-234, U-235, and U-238. (The latter most is princi- 
pally depleted uranium). Each is radioactive and chemically toxic. With a 
chemical valence of 3, 4, 5, or 6, uranium forms complex molecular salts, nitrates, 
oxides, and carbonates. Each form is relatively soluble depending on the pattern 
of physical entry into the body and its metallurgical state. 

b. Solubility is greatly enhanced when uranium compounds are dissolved in 
carbonic solutions in finely divided grains. Once dissolved in extracellular 
fluids, a mildly acidic solution, uranium becomes a nephrotoxic agent to the kidneys 
an insoluble aerosols become a radio toxic agent to the lungs. In particular, the 
soluble characteristics of aerosols of complex uranium oxides (UxOy) is discussed 
at reference 6. Up to 50% of aerosolized DU dissolves in simulated lung fluid 

(a carbonic solution) in seven days. This fraction represents a transportable 
nephrotoxic dose of uranium to the kidneys. About 8,0% of this fraction is released 
to the urine in 24 hours at references 9 and 12. The remaining 20% is released 
from the kidneys with a biological half life of 15 days at reference 13. The non- 
transportable fraction of 50% represents a radiological dose commitment to the 
lungs with a biological half life of 380 days at reference 12. An evaluation of 
dose commitment follows at paragraph 8. 

4. POPULATION CHARACTERISTICS AND DOSE RESPONSE . 

a. An unplanned, spontaneous ignition of munitions incorporating quantities 

of DU in storage or transit may expose local populations including support personnel, 
to potentially toxic levels of airborne aerosols of uranium. Pertinent radiological 
limits, however, have been modelled on the concept of a radiation worker whose 
slightly elevated body burden of uranium is held constant by the particular retention 
and excretion dynamics which are characteristic of an adult (Reference Man ICRP 23). 
Such modelling is absent among a diverse population of infants, children, and 
adults of various consitutions with no significant body burden of uranium. The 
nephrotoxic limit of 3pgm/gm of kidney at references 2 and 5 is, however, uniformly 
applied throughout the population. 

b. Unlike radiological limits which assume a linear response as dose approaches 
zero at reference 14, the nephrotoxic limit is a threshold effect characteristic 

of repairable, incipient kidney damage at reference 2 and 9. The maximum 
permissible occupational exposure from an actue, emergency release of airborne 
aerosols of uranium is, therefore, assumed applicable to a local population, not 
subject to chromic weekly exposures permitted among adult radiation workers. 

c. The proposed control boundaries derived at paragraph 7 are consistent with 
NRC requirements and ACGIC recommendations limiting exposure to airborne aerosols 
of uranium. These boundaries are especially sensitive to onsite configuration and 


2 



St ° r * ge , para ™ eters - Furthermore, the rate of oxidation, pyrotechnics, composition 
and design of the munitions, local meteorological conditions and effective 
emergency response to an unplanned incident will greatly mitigate upon any potential 
exposure. Relevant onsite and meteorological assumptions are proposed at" paragraph 6 

ONSITE CONFIGURATION AND ASSUMPTIONS . 

a. To assess the nephrotoxic fraction of somatic transportable (soluble) DU 
released to the plume during a fire, the following assumptions are consistent 
with references 6, 15 and 16: 

(1) 30% of the rounds are "effected"; 70% are "uneffected." 

(2) 50% of the rounds are aerosolized; 50% are deposited onsite. 

(.3) 50% of the aerosolized compounds are of respirable size; 50% are 

nonrespirable. 

(4) 50% of the aerosolized compounds of respirable size are transportable 

(nephrotoxic limits); 50% are nontransportable (radiotoxic limit). 

b. The somatic transportable, nephrotoxic contribution to the kidneys is 
3.75%. This fraction is the product of the effected, aerosolized, respirable 
and soluble fractions from compounds of uranium released to the plume following 
spontaneous ignition and fire of stored GAU-8 ammunition. 

c. The somatic nontransportable radio toxic contribution to the lungs is 
likewise 3.75%. . This fraction is the product of the effected, aerosolized, 
respirable and insoluble fractions from compounds of uranium released to the plume. 

6. MICRO-METEOROLOGY AND BOUNDARY LIMITS . 

a. Aerosols of uranium are essentially trapped and carried by a plume whose 
displacement and configuration is characterized by the adiabatic lapse rate, 
atmospheric diffusion, radiant index, turbulence, and wind velocity. Such effects 
* re Q Subsumed in Pa squill|s Stability Categories A, B, C, D, E, and F. Categories 
A, B, C, and D characterize normal daylight adiabatic lapse rates. A wind velocity 
of 1 m/sec (2.2 mi/hr) suggests an extremely unstable lapse rate designated A- at 
3 m/sec, a moderately unstable rate of B; and at 5 m/sec or more, a slightlv 
unstable or neutral rate of C or D. 

• b * Sea son a l variations tend toward the unstable lapse rates during summer 
(A or B) and near neutral during winter (C or D) . 

c. Categories D, E, and F characterize nightime inversions. Light winds of 
less than 3 m/sec favor the moderately stable category of F, while winds greater 
than 3 m/sec favor the slightly stable category of D. Little seasonal variation 
is noted. Detailed theoretical and empirical studies can be found at references 
17, 18 and 19 which can be adapted to local conditions. 
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d. In the absence of meteorological data, a daylight stability categorv of 
A may be considered for near calm. Categories B or C for perceptible breezy or 
windy conditions. At night, consider category F for near calm: otherwise, consider 
categories E or D for perceptible breezy or windy conditions. 

e. In general, decreasing wind velocity will transport a plume with a given 
airborne concentration of aerosols an increased distance downwind through a 
narrowly defined sector of about 22.5 degrees. Similarly, a calm nightime 
inversion will transport an airborne aerosol concentration an increased distance. 


Practical control boundaries, therefore, may not assure an optimum limiting 
exposure to extremes in local meteorological conditions. However, the combination 
of numerous safety variables and probabilities of spontaneous ignition suggest the 
recommended control boundaries are practicable. 

7. DERIVED CONTROL BOUNDARY LIMITS . 

a. The derived control boundaries increase in inverse proportion to the 
integrated, time-concentration .factor designated as D in units of mg-min/m 2 3 . 

The boundaries furthermore increase in direct proportion to the source strength. 

The source strength is the product of the amount of stored uranium in units of 
kilograms per unit wind velocity (kg. sec/m) and the fraction of transportable 
uranium (.3.75%) released to the atmosphere following spontaneous ignition and fire 
of stored ammunition. 

b. To enclose a given exposure (D) in mg.min/m3, the derived control boundaries 
must gradually increase as the vertical atmospheric temperature gradient proceeds 
from an extremely unstable lapse rate to an extremely stable lapse rate (A through 
F). Graphs from Figures 4.3.1a. and b. through 4.3.6 a. and b. at reference 20 
provide recommended boundaries for each of Pasquill's Atmospheric Stability Categorie 

c. Recommended control boundaries are provided at inclosure 2. These boundaries 
minimize potential exposure to nephrotoxic and radiotoxic aerosols of uranium during 
a fire for each stability class A through F. 

d. Initial conditions which minimize toxic exposures follow from recommended 

CT factor as developed at paragraph 2. Higher exposures result as control boundaries 
are reduced. Similarly, higher exposures result as the product of the source strength 
and the fraction of transportable uranium released from a fire increases. Higher 
wind velocity effectively reduces the source strength on account of increased 
atmospheric mixing with a longer volume of air. 

e. To set initial control boundaries upon ignition and fire of GAU— 8 munitions, 
use the nomograph at inclosure 3 and make the following assessment: 

(1) Determine the mass (.kg) of depleted uranium at storage site which is in 
conflagration. 

(2) Determine the wind speed, direction, and atmospheric stability class from 

onsite instrumentation. 
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(a) Judge atmospheric stability class from outline at paragraph 6; other- 
wise assume stability class F. 

(b) Read wind conditions from appropriate instruments- otherwise assume wind 
speed of one (.1) meter per second (m/s). 

(3) Divide the amount (A) of burning mass of depleted uranium by the wind 
speed (U) to obtain (A/U) in units of (kg*sec/m). 

(4) Use the nomograph and connect the value of (.A/U) to either side of the 
graph and read the initial control boundary in meters for a specific atmospheric 
class . 


f. The graphs from Figures 4.3.1a. and b. through 4.3.6a. and b. at reference 
20 may be directly utilized by making the following adjustments in nomenclature: 

(1) Replace D in figures with (CT) at paragraph 2. 

(2) Replace Q(mg) in figures with A(mg)-f (Amount stored-somatic (non) trans- 
portable fraction from fire and deposited to the (lung)kidney) at paragraphs 5 and 7 

(.3) Replace DU/Q in figures with (CT)-U/A-f = (CT)/(SS) where the source 
strength (,SS) is (A*f/U) and U is the wind speed in meters per second (m/s). 

(4) The quantity (CT)/(.SS) decreases as a function of the reciprocal of the 
the distance in meters (m) . 

8. RADIOLOGICAL IMPLICATIONS AND POPULATION DOSE. 

a. The dose commitment to the lungs is proportional to the infinite time 
integral of absorbed activity (/uCi) from T = 0, following a single, acute inhalation 
of somatic nontransportable aerosols of uranium. This calculation assumes insignifi 
cant previous accumulation and no additional accumulation is assumed. 


b. The activity (A) present in the lungs decreases at an exponental rate 
with time, or 

A(t) = AqC “ "** 

where A 0 is the inhaled activity deposited to the lungs from somatic nontransport- 
able uranium, by the relation 


AqOuCI) 






5 



where 


and 


CT is the integrated time-concentration factor as developed at 
paragraph 2, 

V is the ventilation rate of 1.25m 3 /hr ref.(ICRP), 

SpA is the specific activity for Uranium-238 of 0.333 >uCi/10 3 me 
of DU, 6 

f i is the insoluble, nontransportable, fraction deposited in 
the lungs as developed in paragraph 5, 


is the effective elimination rate of ln2/380 days (ref. 12). 
Upon substitution and evaluation of the numerical constants, the inhaled deposition 


A Q = 8.0 mg.hr x 1 . 25 m 3 x 0.333uCi x 0.0375 


m- 


hr 


103mg 


A Q = 1.25 x 10~^uCi 


c. The dose equivalent (DE) rate to the lungs in units of mrem/day follows 
the differential relation 


d^ DE ^mrem ^ 
dt \day J 


where 


and 


d DE(i 

dt V 


m 


mrem 
day J 


= A o e“^6 r (MCi) 


x C ( MeV • rem | x _1 

\,dis • rad J m 


(gm) 

j 10 3 mrem x 1.6 x 10 6 erg x gm»rad 
L rem MeV lOOerg 

86400 sec x 37x10^ dis ”1 
day sec«/uCiJ 


is the effective absorbed energy per disintegration of 
43 MeV* rem/ dis -rad for Uranium-238 (DU) 


is the mass of the lungs of 1000 gm. Upon substitution and 
evaluation of the numerical constants of proportionality in 
brackets, the dose equivalent rate to the lungs becomes 


\ = 2.2 x 10 3 A 0 e~^6 T 
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d. Solution to the infinite time integral of absorbed activity from 
becomes the dose commitment to the lungs or 

DE(mrem) = 2.2 x 10 3 Aq (l-e-^ £r ) 

Ae 


where 

A q = 1.25 x KT^uCi 

}>e = ln2/380 = 1.82 x 10~ 3 day -1 


o 


(.1) In one year the dose commitment to the lungs is: 

DE(.mrem) = 2.2 x 10 3 (1.25 x 10~ 4 uCi) -day (l-exp(-l .82 x 10 -3 

lyr 1.82 x 10 -3 


= 73.3 mrem 


x 365) ) (mrem) 
uCi. day 


C2) In 50 yrears the dose commitment to the lungs is 

DE(mrem) = 2.2 x 10 3 ( 1.25 x 10~ 4 ) 

50yr 1.82 x 10~ J 


= 151 mrem 


e. The derived annual dose commitment to the lungs following a single, acute 
inhalation of aerosols of uranium is less than 15% permitted nonoccupationally 
exposed individuals. If the assumptions at paragraph 5 are reliable, one may be 
tempted to augment the nontransportable fraction of activity deposited to the 
lungs as developed at paragraph 2 by enhancing the CT factor and reduce the derived 
control boundaries proportionately. A six fold increase in the CT factor from 
8 to 48 mg. hr/m 3 results in an annual dose commitment to the lungs of 6 x 73.3 mrem 
or 440 mrem. Although less than the permitted annual nonoccupational dose, a six 
fold increase represents an acute insult of lOmg x 6 x 0.0375 or 2.25mg of somatic 
transportable (.soluble) uranium to the kidneys. This exceeds the maximum permissible 
uranium limit to the adult size kidney which is 0.9mg; and it greatly exceeds the 
permissible uranium limit to the infant size kidney which is 0.165 at references 
2 and 5. 


f. If the assumptions at paragraph 2 are reliable, an increase in the somatic 
nontrans portable radiotoxic contribution to the lungs from 3.75% to 22.5% at 
paragraph 5 would yield the same nephrotoxic and radiotoxic values of 2.25mg and 
440 mrem respectively. Indeed an increase from 3.75% to 9% would match the adult 
limit: lOmg x 0.09 = 0.9mg. An acute insult of lOmg at a deposition fraction of 
3.75% delivers 0.375mg to the kidney which is the child's nephrotoxic limit. 
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g. It xs therefore the enhanced nephrotoxic sensitivity that governs the 

rad'll C ° n fT b ° Undaries at P-agraph 7 while committing a nominal Occupational 
radiological dose to an exposed population. occupational 
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SOME SUGGESTED MAXIMUM PERMISSIBLE SINGLE 
INTAKES OF URANIUM 


L S. £ VS 

United Kingdom Atomic Energy Authority, Radiological Protection Division, 
Authority Health and Safety Branch, Harwell, Berio, England 

{Reeewrd 7 Februa ij 1964; im revised form 18 Mmy 1964) 

Abstract — Tl»e Recommendations of the International Commission on Radiological Pn> 
i ret ran (1959) give maximum permissible conc en trations for uranium in air and water, but 
before the issue of ICRP Pukluairom 6 in 1964, there weir no instructions concerning the time 
over which MFC's based on chemical toxicity of uranium might be aver ag ed. The prent 
pa|irr, which was circulated informally in the U.K. Atomic Energy Authority b efo re the ■«”»* 
uf K2RP Publication 6, makes some suggestions regardingmH^nMMlHgll^MtilKMMMMi 
wmmemBHBfWmmuammubmaaammmamb for imtance: 

(a> Maximum single intake u f inhaled u ranium in 1 d»y 2.5 mg 

(b» Maximum single intake of ingested uranium in 1 day 150 mg 

fc ) Maximum planned rmrrgmo inhalation f or occupationally-exposed persons 10 mg 

The first two of tliese suggestions are now in line with the reronunendatiom of ICRP 
Publication 6b 


INTRODUCTION 

I Hfc 1959 Report of ICRP Committee II* 11 stated 
fiat “over a period uf 13 weeks, theMM* 

m present in 

utr nr in \eu\tTmmm^madkuaemkmmung^tmm^ai 

during any 1 3-wcck period in 
l»y ex* 

;»ourc at die constant levels indicated in sul^ 
'crtkio I above,” ICRP Maim Commission Report 
1959) ,n indicated dial doses averaged over 13 
weeks si mu Id lie measured in rrrra and tlicrrfore 
pmumaidy this did not provide for nddic 


ra liter titan to radioactivity, 
Paragraph 52 ( f) of ICRP Publication 6 m 'nu w 
laxa down limits for the inhalation of not more 
titan 2J> mg of soluble uranium in I day, or the 
ingestion of not more than 150 mg of soluble 
uranium a v erage d over 2 days. The come* 
qucnccs of inhaling or ingesting a 13- week dose 
of uranium in a short period of time, before 
these limits were applied, are discussed liefow. 

INHALED URANIUM 
Radiation workers — inhaled soluble uranium 

If a natural uranium airhnme exposure at 
the maximum permissible level was averaged 
l 


over 1 3 weeks the result would be as follows: 
m.p.c.» L'(nat) (soluble) =■ 7 x 10~ u /ic/cm* 
= 210 /ig/m 3 (40-hour week m.p.e.). 

If this is integrated over 13 weeks or 65 work- 
ing days, then exposure = 210 x 10 x 65 >ig 
inhaled = 1 36 rag U inhaled in one incident 
(10 ni* air inhaled/day). 

Twenty-five per cent of this goes to the blood 
stream, i.e. 34 mg (ICRP model). 

Approximately 50 per cent of this would be 
excreted in less than 24 hr,** say in 1 1. of urine. 
-Therefore urine would contain 17 mg/L ura- 
nium (natural). 

U.K. Atomic Energy Authority experience as 
quoted by Bltterworth 441 shows that from a 
single exposure to uranium several mg/L of 
uranium in urine would produce albuminuria, 
although prolonged exposures would produce 
albuminuria at lower levels of a few hundred 
/rg/L of uranium. One case of acute UF f 
inhalation seemed to produce albuminuria at 
2 mg U/l. Therefore-a figure of 17 mg/L U(nat) 
in urine would almost certainly produce albu- 
minuria, although whether this would be per* 
manendy harmful is a more debatable question. 
Lltsseniiop et 4/, <w state that the minimal in- 
jected dose necessary to produce catalasuria and 
773 
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Table 1 


Animal 

Lethal dose* 
U(nat) 

Equivalent 
in 60-kilo 
man 

Rabbit 

0.1 mg U/kg 

6 mg 

Guinea pig 

0.3 mg U/kg 

18 mg 

Rat 

1 mg U/kg 

60 mg 

Mouse 

10-20 mg U/kg 

600-1200 mg 

Dog (subcutaneous 


“uranium nitrate 1 

*) about 2 mg U/kg 

120 mg 


• Expressed as lethal dose rather than LD^ since 
the dose-effect cunt rises very steeply. 


albuminuria in man is of the order of 0.1 mg 
uranium/kg body weight for hexavalent ura- 
nium. Titus for a 60-kilo man 6 mg in the body 

dMingr . This might be equivalent to an initiai 
excretion of 3 mg uranium/1, urine. 

Table 1 shows approximaiMBMeicttaddaaai 
of uranyl nitrate hexa-hydrate solution admin- 
istered inuatenoash in five species of animals, 
and followed for up to 29 days. 1 ** 

Liessenhop et by extrapolation of ex- 
pcrieiv-e gained from the Massachusetts Hos- 
pital series of cases consider that the injected 
lethal dose for man might lie about dnnf 
i ruman /pcrlcy which is about the same le\*el 
as for the rat. Therefore, ttlngar hmimxtkm 
l&xXt stre a m m one time abgfat- pradooe at 
b n an fauHtyi 

From these sources of evidence 34 mg ab- 
sorbed into the body in one incident would 
appear to be excessive. Therefore a 13- week 
dose all in one exposure must be ruled out on 
toxicity grounds. In man, the urinary excretion 
rate from a single dose of soluble uranium 
remains high for alxDut 8 hr ,3> and then starts to 
fall off fairly rapidly. It would seem reasonable 
therefore that 1 day's total exposure could be 
allowed as a single intake; this quantity is 
2.1 mg in the air breathed (or to allow some 
free play 2.5 mg). 

Radiation workers— inhaled insoluble uranium 

For insoluble uranium the critical organ is 
considered to be the lung, based on radiation 
exposure rather than on toxic effect. Insoluble 
uranium in the lung is excreted very slowly 


through the kidneys;* 71 therefore if it were 
certain that ail the airborne uranium was in- 
soluble, exposures should be able to I* in- 
tegrated over 13 weeks. However, it is difficult 
often to be sure that all the uranium is present 
in such form; moreover there might be con- 
siderable excretion in the urine even after 1J 
weeks had elapsed, ,8> thus confusing the pattern 
of urine analysis during subsequent routine 
operations. Therefore, it might be wise not to 
make any exception of insoluble uranium uiiIcns 
in very well controlled circumstances. It mav 
be worth noting that Patterson 181 dcscril>es tw,. 
cases of human exposure to UjO s in which 
urinary excretion after some days indicated a 
lung half-life of alxnjl 120 days, as postulated in 
the ICRP (1959) calculations for insnlulm* 
uranium.* 11 Possibly the 

tfel ''pafticfce *ae»of the uranium 

inhaled. 


Population exposure— inhaled soluble uranium 

It is suggested in paragraph 56 of ICR I* 
( 1 959; 1,8 that, for exposure of special groups of 
the population, “the individual maximum per- 
missible annual dose will not be exceeded from 
internal exposure of any single organ, if the 
release of radioactive material is planned on thr 
basis of one-tenth of the maximum pcrmissihlr 
conccntration(MPC) in air or water as given 
for continuous occupational exposure ( 168 -lmur 
week).** 

If it were allowable that integration of .4 
uranium dose could take place over I year wr 
have: 


Occupational m.p.e.* U(nat) soluble (Ifift-lu 
week) = 3 / I0’ n /ic/cm* 

= 90 fig/ra*. 

Therefore dividing by 10 for population ex- 
posure and integrating over 52 weeks, there 

90 

would be produced in a single dose — x 20 :•* 


365 fig =» 66 mg inhaled (assuming 20 m* of air 
inhaled per day), or 16 mg in the blood of an 
adult, with correspondingly less in a child. This 
again would be very likely to produce albu- 
minuria. especially in those with damaged 
kidney*. 



SUGGESTED MAXIMUM PERMISSIBLE SINGLE INTAKES OF URANIUM 
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and thus differs from the radiation hazard 
which, for many of its effects, is cumulative. 
Also Hodge et in discussing MACs for 
uranium in air, based their arguments on ex* 
penmen ts in which animals were exposed to 
steady levels of atmospheric uranium rather 
titan to a scries of larger doses spaced at in- 
tervals. Moreover, there seems to be no 
tendency to quote special public health ra.px/s 
for chemically toxic substances (except in the 
r«ise of beryllium). Therefore it is suggested 
dial for adults in a population, and for purposes 
<»f averaging only, the maximum single intake by 
tlie inhalation route should be the same as for 
the occupational situation, Le. approximately 
mg uranium. The maximum single intake 
l«ir children would be lower by a factor ranging 
up to about 10 depending upon age and kidney 
tux, but on the other hand minute volume 
I inures for air breathed at different ages vary by 
a factor of the same order, 4191 so that the appro- 
priate concentrations in air would be likely to be 
JhjuI the same as for adults. 

r*fmlaiion exposure inhaled insoluble uranium 

There is usually some diflkuhy in deciding 
whether uranium to which a population may be 
1 1 posed is in the soluble or insoluble form; if, 
however,- exposure was definitely proved to be 
chir to insoluble material only, then the liazard 
would appear to be mainly of a radiological 
character, with the lung as the critical organ. 

I ii this case the averaging rules as enunciated by 
the ICRP would, of course, apply. 

INGESTED URANIUM 
Invested uran ium o c cupational and population 
ftposun 

Similar calculations can lie made for ingested 
uranium, e.g. 

m.px. v U(nat) soluble or insoluble (I68-hr 
week) m 2 x 10~ 9 pejens* (ICRP 1959) 
a* 6 x JO* 9 g/cni 9 . 

Daily amount ingested at m. px. 

=* 6 x 10* 9 x 2200 g (assuming water in- 
take » 2200cm*/day) 

= 1-3 g (occupational) or 0.13 g (population 
exposure)* 

j2-weck exposure (ingested) 

■ 0.13 x 365 »47g (population exposure). 

This again would seem to be much too much 


if ingested in one dose. A human volunteer 
ingested 1 g of uranyl nitrate hexahydratc in 
200 cm 9 water ( = 0.47 g uranium). 4111 He ex- 
perienced rather violent vomiting, diarrhoea 
and slight albuminuria with a peak uranium 
output in urine at the rate of 8 mg U/l. (on two 
specimens of 30 mi). In the first 7 days he 
excreted in his urine 2.5 mg of uranium element. 
It was thought therefore that he may have 
absorbed about 1 per cent of the ingested dose, 
i.e. much greater than the 10" 9 fraction esti- 
mated by ICRP (1959) and based on animal 
work. 411 More recent work by Fish et d. 4,,, on 
dogs given uranyl fluoride in water by mouth, 
showed that uptake into the bloodstream aver- 
aged 1.5 per cent of the rather high dose 
administered. 

It seems that the 1959 occupational ra.px. 
for ingestion might have been rather high and 
that the irritative effect of these comparatively 
large amounts or uranium on the gastrointes- 
tinal tract may hare been underestimated. 9 
The occupational m.px. for ingestion is how- 
ever only of interest as a measure of the gravity 
of an accidental ingestion in a radiation worker. 

The more important figure to establish is the 
population dose for ICRP Group B(c) which 
an individual may ingest at one time. Evidence 
is lacking, but it is suggested that approxi- 
mately one-third of the dose found to be 
irritating to the gut in the above experiment 
might be allowable, i.e. 150 mg uranium 
(measured as the dement). This would be 
equivalent to averaging the maximum per* 
missible exposure over 2 days if only fluid 
intake (1200 cm*/day) is contaminated, but 
would represent a shorter time than this if total 
water intake (2200 cm*/day) is contaminated. 9 

Since diildren's kidney’s are about one-tenth 
the size of an adult's, it would seem logical to 
reduce the above intake by one-tenth for 
environmental use. 9 The weight of both 
kidneys in a new bom baby is 20-30 g, whilst 
the weight of both kidneys in adults is 260- 
360 g. <w> The fluid intake of a baby is about 


9 KJtP PuMkntim 6 has tackled these problems by 
reducing factor f m (fraction reaching organ of refer* 
®** by ingestion) from 10*" 9 to ID” 9 , ss well as by 
laying down maximum limits for %ad 



a fifth of that of an adult,* 131 so that this factor 
partially compensates for the smaller size of a 
baby’s kidneys relative to those of an adult. 

PLANNED EMERGENCY EXPOSURES 
OF EMPLOYEES 

It is suggested that 10 mg of soluble natural 
uranium inhaled over a short period would, on 
ICRP principles, lead to a total dose of 2.5 mg 
in the bloodstream (i.e. absorbed dose). This is 
somewhat less than the 0.1 mg/kg injected dose 
which Lcesseniiof et */.<*> mention as the 
nephrotoxic dose for man. Therefore a figure 
of 10 mg natural uranium in the total air 
breathed over a period might be considered as 
a reasonable “planned emergency exposure” in 
the ICRP sense. In effect this would be 
equivalent to administering nearly 5 days’ dose 
at one time, but t Isis dose would lie subject to 
the rules of other planned emergency exposures. 

ENRICHED CRANIUM 
For enriched uranium the principles dis- 
cussed above would apply for the toxic effect, 
but the radiological effect on bone or kidney 
could be integrated in the ICRP way. The 
simplest solution is to express maximum single 
intakes of uranium in units of weight as above, 
and consider that these apply to any given 
enrichment of uranium. 

Acknowledgment— l am grateful to a number of col- 
leagues in the United Kingdom Atomic Energy 
Authority and to Dr. J. F. Ucttt of the Medical 
* cirarc h Council, who have criticised an earlier 
draft of this paper. 
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CONTROL BOUNDARY FOR FIRES 


Amount Stored 


PASQUILL'S STABILITY 

CATEGORIES 



per unit 
wind velocity 

A 

B 

C 

D 

E 

F 

(A/U) 



D I S T A N C 

E S 



kg sec/m 

km 

km 

km 

km 

km 

km 

100. 

0.04 

0.04 

0.07 

0.11 

0.15 

0.27 

200. 

0.05 

0.06 

0.09 

0.16 

0.24 

0.44 

500. 

0.76 

0.1 

0.15 

0.27 

0.42 

0.8 

• 800. 

0.94 

0.13 

0.2 

0.36 

0.56 

1.1 

1000 . 

0.1 

0:14 

0.22 

0.4 

0.64 

1.3 

2000. 

0.14 

0.19 

0.31 

0.56 

1 . 

2.1 

5000. 

0.2 

0.31 

0.5 

1 . 

1.9 

4. 

8000. 

0.25 

0.4 

0.66 

1.3 

2.4 

5.6 

10000 . 

0.27 

0.44 

0.74 

1.5 

2.7 

6.4 

20000. 

0.36 

0.62 

1.05 

2.3 

4.4 

10. 

50000 • 

0.52 

1 . 

1.7 

3.8 

7.6 

19. 

80000. 

0.64 

1.25 

2.2 

5. 

10. 

27. 

100000. 

0.7 

1.4 

2.5 

5.6 

12. 

31. 


Incl 2 
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SETTING CONTROL BOUNDARIES FROM 
IGLOOS STORING PYROPHORIC DEPLETED URANIUM (DU) 


1. PURPOSE : 

a. A set of control boundaries are provided in this report and extend from 
stockpiles of munitions incorporating depleted uranium (DU) whether in storage or 
in transit. These boundaries minimize potential exposure to toxic, airborne 
aerosols of pyrophoric uranium. 

b. These control boundaries represent a characteristic measurement of dose 
from an inhaled aerosol of uranium generated by an unplanned ignition of associated 
munitions. This measurement is a complex calculation. Viable regulatory limits 
must be assessed for a single acute emergency release of a radio-chemical agent. 
Significant population differences will mitigate toxic exposures to this agent. 
Physical characteristics of the agent, on-site storage configuration of associated 
munitions, and local micro-meteorological conditions will necessarily impact on 
the final dose commitment to any one individual at the control boundary. 

2. REGULATORY LIMITS AND RADIOLOGICAL MODELS. 


a. Current regulatory requirements limiting exposure to concentrations of 
airborne aerosols of uranium are derived from extensive research and industrial 
epidemiology. The Nuclear Regulatory Commission (NRC) has promulgated Table I, 
Appendix B, at 10 CFR 20 which limits weekly occupational exposure to aerosols of 
Uranium-238 (DU) at 0.2 mg/m^ for a time integrated concentration (CT) factor of 

8 mg*hr/m3. 

b. Similarly the American Conference of Governmental Industrial Hygienists 
(ACGIH) has recommended a Threshold Limit Value of 0.25 mg/m3 at references 1 and 
2 (at paragraph 9 ) for airborne concentrations of uranium and its aerosols. 

c. A significant proposal by I.S. Eve at reference 3, incl 1, suggests a 
maximum planned emergency inhalation for occupationally exposed persons to 10 mg 
of uranium. At a breathing rate of 1.25 m^/hr, a maximum planned emergency CT 
factor of 8 mg-hr/m^ or 480 mg*min/m^ is calculated. 

d. This value is consistent with both the Reference Man Model and the Task Group 
Lung Model as calculated by McMillan and Air Force at references 4 and 5. Although 
these models assess radiological toxicity, chemical toxicity to the kidneys follow- 
ing acute inhalation of somatic transportable QU at references 6 and 7 cannot be 
dismissed. Hence, a CT factor of 480 mg*min/nr is not only conservative with 
respect to the radiological models as reported; it is also consistent with labora- 
tory studies at references 1, 2, 7, 8, 9, 10 and 11 assessing nephrotoxicity 
following acute inhalation and ingestion of both soluble and insoluble uranium 
compounds in excess of 480 mg*min/m3. 


3 . PHYSICAL AND CHEMICAL PROPERTIES . 


a. Uranium is a dense metallic white metal which is pyrophoric when finely 
divided. It oxidizes in air and dissolves in acidic solution. Natural uranium 
consists of three isotopes: U-234, U-235, and U-238. (The latter most is princi- 
pally depleted uranium). Each is radioactive and chemically toxic. With a 
chemical valence of 3, 4, 5, or 6, uranium forms complex molecular salts, nitrates, 
oxides, and carbonates. Each form is relatively soluble depending on the pattern 
of physical entry into the body and its metallurgical state. 

b. Solubility is greatly enhanced when uranium compounds are dissolved in 
carbonic solutions in finely divided grains. Once dissolved in extracellular 
fluids, a mildly acidic solution, uranium becomes a nephrotoxic agent to the kidneys 
an insoluble aerosols become a radio toxic agent to the lungs. In particular, the 
soluble characteristics of aerosols of complex uranium oxides (UxOy) is discussed 
at reference 6. Up to 50% of aerosolized DU dissolves in simulated lung fluid 

(a carbonic solution) in seven- days. This fraction represents a transportable 
nephrotoxic dose of uranium to the kidneys. About 80% of this fraction is released 
to the urine in 24 hours at references 9 and 12. The remaining 20% is released 
from the kidneys with a biological half life of 15 days at reference 13. The non- 
transportable fraction of 50% represents a radiological dose commi-tment to the 
lungs with a biological half life of 380 days at reference 12. An evaluation of 
dose commitment follows at paragraph 8. 

4. POPULATION CHARACTERISTICS AND DOSE RESPONSE . 

a. An unplanned, spontaneous ignition of munitions incorporating quantities 

of DU in storage or transit may expose local populations including support personnel, 
to potentially toxic levels of airborne aerosols of uranium. Pertinent radiological 
limits, however, have been modelled on the concept of a radiation worker whose 
slightly elevated body burden of uranium is held constant by the particular retention 
and excretion dynamics which are characteristic of an adult (Reference Man ICRP 23) . 
Such modelling is absent among a diverse population of infants, children, and 
adults of various consitutions with no significant body burden of uranium. The 
nephrotoxic limit of 3pgm/gm of kidney at references 2 and 5 is, however, uniformly 
applied throughout the population. 

b. Unlike radiological limits which assume a linear response as dose approaches 
zero at reference 14, the nephrotoxic limit is a threshold effect characteristic 

of repairable, incipient kidney damage at reference 2 and 9. The maximum 
permissible occupational exposure from an actue, emergency release of airborne 
aerosols of uranium is, therefore, assumed applicable to a local population, not 
subject to chromic weekly exposures permitted among adult radiation workers. 

c. The proposed control boundaries derived at paragraph 7 are consistent with 
NRC requirements and ACGIC recommendations limiting exposure to airborne aerosols 
of uranium. These boundaries are especially sensitive to onsite configuration and 
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storage parameters. Furthermore, the rate of oxidation, pyrotechnics, composition 
and design of the munitions, local meteorological conditions and effective 
emergency response to an unplanned incident will greatly mitigate upon any potential 
exposure. Relevant onsite and meteorological assumptions are proposed at paragraph 6. 

5. ONSITE CONFIGURATION AND ASSUMPTIONS . 

a. To assess the nephrotoxic fraction of somatic transportable (soluble) DU 
released to the plume during a fire, the following assumptions are consistent 
with references 6, 15 and 16: 

(1) 30% of the rounds are "effected"; 70% are "uneffected." 

(2) 50% of the rounds are aerosolized; 50% are deposited onsite. 

(.3) 50% of the aerosolized compounds are of respirable size; 50% are 

nonrespirable. 

(4) 50% of the aerosolized compounds of respirable size are transportable 

(nephrotoxic limits); 50% are nontransportable (radiotoxic limit). 

b. The somatic transportable nephrotoxic contribution to the kidneys is 

3.75%. This fraction is the product of the effected, aerosolized, respirable 
and soluble fractions from compounds of uranium released to the plume following 
spontaneous ignition and fire of stored GAU-8 ammunition. I 

c. The somatic nontransportable radio toxic contribution to the lungs is 
likewise 3.75%. This fraction is the product of the effected, aerosolized,, 
respirable and insoluble fractions from compounds of uranium released to th£ plume. 

6. MICRO-METEOROLOGY AND BOUNDARY LIMITS . 

a. Aerosols of uranium are essentially trapped and carried by a plume whose 
displacement and configuration is characterized by the adiabatic lapse rate, 
atmospheric diffusion, radiant index, turbulence, and wind velocity. Such effects 
are subsumed in Pasquill’s Stability Categories A, B, C, D, E, and F. Categories 
A, B, C, and D characterize normal daylight adiabatic lapse rates. A wind velocity 
of 1 m/sec (2.2 mi/hr) suggests an extremely unstable lapse rate designated A; at 

3 m/sec, a moderately unstable rate of B; and at 5 m/sec or more, a slightly 
unstable or neutral rate of C or D. 

b. Seasonal variations tend toward the unstable lapse rates during summer 
(A or B) and near neutral during winter (C or D) . 

c. Categories D, E, and F characterize nightime inversions. Light winds of 
less than 3 m/sec favor the moderately stable category of F, while winds greater 
than 3 m/sec favor the slightly stable category of D. Little seasonal variation 
is noted. Detailed theoretical and empirical studies can be found at references 
17, 18 and 19 which can be adapted to local conditions. 
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d. In the absence of meteorological data, a daylight stability category of 
A may be considered for near calm. Categories B or C for perceptible breezy or 
windy conditions. At night, consider category F for near calm; otherwise, consider 
categories E or D for perceptible breezy or windy conditions. 

e. In general, decreasing wind velocity will transport a plume with a given 
airborne concentration of aerosols an increased distance downwind through a 
narrowly defined sector of about 22.5 degrees. Similarly, a calm nightime 
inversion will transport an airborne aerosol concentration an increased distance. 


f • Practical control boundaries, therefore, may not assure an optimum limiting 
exposure to extremes in local meteorological conditions. However, the combination 
of numerous safety variables and probabilities of spontaneous ignition suggest the 
recommended control boundaries are practicable. 

7. DERIVED CONTROL BOUNDARY LIMITS . 

a. The derived control boundaries increase in inverse proportion to the 
integrated, time^concentration factor designated as D in units of mg.min/m^. 

The boundaries furthermore increase in direct proportion to the source strength. 

The source strength is the product of the amount of stored uranium in units of 
kilograms per unit wind velocity (kg. sec/m) and the fraction of transportable 
uranium (.3.75%) released to the atmosphere following spontaneous ignition and fire 
of stored ammunition. 

b. To enclose a given exposure (D) in mg.min/m3, the derived control boundaries 
must gradually increase as the vertical atmospheric temperature gradient proceeds 
from an extremely unstable lapse rate to an extremely stable lapse rate (A through 
F) . Graphs from Figures 4.3.1a. and b. through 4.3.6 a. and b. at reference 20 
provide recommended boundaries for each of Pascjuill f s Atmospheric Stability Categorie 

c. Recommended control boundaries are provided at inclosure 2. These boundaries 
minimize potential exposure to nephrotoxic and radiotoxic aerosols of uranium during 
a fire for each stability class A through F. 

d. Initial conditions which minimize toxic exposures follow from recommended 

CT factor as developed at paragraph 2. Higher exposures result as control boundaries 
are reduced. Similarly, higher exposures result as the product of the source strength 
and the fraction of transportable uranium released from a fire increases. Higher 
wind velocity effectively reduces the source strength on account of increased 
atmospheric mixing with a longer volume of air. 

e. To set initial control boundaries upon ignition and fire of GAU-8 munitions, 
use the nomograph at inclosure 3 and make the following assessment: 

Cl) Determine the mass (.kg) of depleted uranium at storage site which is in 
conflagration. 

(2) Determine the wind speed, direction, and atmospheric stability class from 
onsite instrumentation. 
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Purpose 

STANDING OPERATING PROCEDURE 
HANDLING AND PACKAGING OF 
DEPLETED URANIUM WASTE 

Paragraph 

Scope ■ 


1 

Policy 


z 

Resnons l hi 1 1 1 i 


3 

A 

r ~ 4 

Procedures g 

1. Purpose. To prescribe specific procedures for handling and parkaaina 
depleted uranium waste at AMMRC (hereafter designated as DU). 

2. Scope. Applicable to all personnel involved with handling and parWagintr 

of DU waste. ° 


3. Policy . All handling and packaging of DU waste will be in such a manner 
as to minimize radiation exposure to personnel, spread of contamination and 
volume of waste generated. 

4- Responsibilities , a. Chiefs of organizations and/or labs generating DU 
waste are responsible for: 

(1) Complying with and enforcing the handling and packaging require- 
ments prescribed in this safety procedure. 

(2) Assuring that his/her personnel are properly instructed and trained 
in the requirements for handling and packaging of DU waste. 

(3) Providing necessary space, facilities and supplies for the proper 
handling and packaging of DU waste. 

b. Supervisors of workers who generate, handle, and package DU waste are 
responsible for: 

(1) Assuring that his/her personnel are instructed in requirements for 
handling and packaging of DU waste, and compliance with applicable rules, and 
regulations governing radiological waste packaging. 

(2) Assuring that required monitoring devices, protective clothing, 
and equipment, and contamination methods are used. 

(3) Notifying the Radiation Protection Officer, (hereafter designated 
as RPO) , prior to the sealing of any DU waste barrel. 
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(4) Assuring that no liquids of any kind are contained within a DU 
waste barrel. 


(5) Assuring that all waste barrels are lined with a 4 mil or heavier 
poly bag. 

(6) Assuring that DU waste volume is minimized through recycle and 
compaction techniques. 

c. The RPO is responsible for: 

(1) Verifying contents of all DU waste barrels. 

(2) Assuring that packaging is in compliance with all applicable reg- 
ulations. 6 


(3) Assuring that barrels are sealed properly. 

(4) Assuring that the proper procedures are being followed for the 
handling and packaging of DU waste. 

5. Procedures , a. General handling and packaging of DU waste and DU contam- 
inated trash. 


(1) Large DU pieces, (i.e., rings, slugs, cuttings) will be recycled 
wher'e practicable. 

(2) New 1 7- II type yellow barrels (30 or 55 gallon) will be utilized. 

(3) Each container will be lined with a 4 mil or heavier poly bag. 

(4) No liquids will be placed in any waste container. 

(5) Shopcoats, gloves, and film badges will be worn while packaging 

waste. 6 & 


(6) All DU contaminated trash will be compacted to reduce volume of 
waste prior to packaging. 

(7) DU waste barrels (55 gallon) shall not exceed 600 lbs., gross weight 

(8) Oily heavy duty retaining rings and 5/S- inch bolts will be used. 

Each bolt will be fitted with a lock nut, tightened, and secured by "staking" the 
threads. 


(9) The RPO will inspect all full waste barrels, prior to sealing, for 
disposal. 

b. DU Machine Turnings, (including chips, particles and small pieces). 

(1) Turnings will be poly-bagged at the end of each work day and sub- 
merged in water until incineration. 


? 
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(2) Incineration will be performed in accordance with AMMRC SOP No. 585-23, 
"Incineration of Depleted Uranium Machine Turnings, Building 43". 

c. DU Remelt Slag. 

(1) DU remelt slag will be allowed to decay to minimize radiation expo- 
sure. 

(2) DU remelt slag will be submerged in water during the decay cycle. 

(At least six half-lives or approximately 145 days). 

(3) Upon completion of decay cycle, the remelt slag should be handled 
the same as DU machine turnings. 

D. DU Liquid Wastes. 

All DU liquid wastes will be referred to the RPO for monitoring, prior 
to disposal. 

6. All DU waste barrels, upon completion of prescribed packaging, will be 
transferred to the RPO for secure indoor storage pending disposal. 
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TABLE I FOR STABILITY CLASS B 


CONCENTRATION-TIME FACTOR 


Source 

25 

8 

in 

• 

CM 

Strength 

mg-hr/m**3 

mg-hr/m**3 

mg-hr/m**3 



Distances 


kg- s/m 

km 

km 

km 

100 

0.144 

0.255 

0.454 

200 

0.206* - 

0.36 -• 

0.628— 

500 - 

0.323 

0.566 

0.936 

800 

0.405 

0.693 

1.124 

1000 

0.454 

0.758 

1.224 

2000 

0.627 

1.02 

1.591 

5000 — 

0.936 

1.452 

2.227 

8000 

1.117 

1.74 

2.607 

10000 

1.219 

1.893 

2.809 

20000 

1.585 

• 

CM 

3.569 

50000 

2.226 

3.268 

5.066 

80000 

' 2.609 

3.841 

6.196 

100000 

2.796 

4.189 

6.77 



TABLE -II FOR STABILITY CLASS D 


CONCENTRATION-TIME FACTOR 


Source 

25 

8 


2.5 

Strength 

mg -hr/m** 3 

mg- 

-hr/m**3 

mg-hr/m**3 



Distances 

v 

kg- s/m 

km 

km 


km 

100 

0.217 


0.392 

0.777 

200' “ 

0.321' ' 


0.603 

1.149 

500. . 

0.532 


0.994 

1.956 

800 

0.696 


1.308 

2.528 

1000 

0.781 


1.49 

2.843 

2000 

1.146 

l 

2.204 

4.247 

5000 

1.95 — . 


3.664 

7.227 

8000 

2.512 


4.854 

9.505 

10000 

2.828 


5.518 

10.804 

20000 

4.253 


8.311 

16.353 

50000 

7.203 


14.144 

28.336 

80000 

‘ 9.514 . 


18.741 

36.544 

100000 

10.867 


21.42 

41.441 



TABLE III FOR. STABILITY CLASS F 
CONCENTRATION-TIME FACTOR 


Source 

25 

8 

2.5 

Strength 

mg-hr/m**3 mg-hr/m**3 

Distances ^ 

mg-hr/m** 

kg-s/m 

km 

km 

km 

100 

0.356 

0.654 

1.252 

200 

0.516 

0.949 

1.895 

500 

0.834 

1.637 

3.14 

800 

1.095 

2.149 

4.299 

1000 

1.248 

2.417 

4.912 

2000 

1.896 

3.663 

7.92 

5000 

3.133 

6.58 

14.384 

8000 

4.289 

9.13 

19.555 

10000 

4.916 

10.555 

22.663 

20000 

7.897 

16.666 

35.9 

50000 

14.441 

30.387 

65.427 

80000 

• 19.61 

41.598 

87.065 

100000 

22.727 

47.986 

100.648 



KILOGRAMS OF DU IN STORAGE DIVIDED BY WIND SPEED IN METERS PER SECOND 
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FIGURE 1. BOUNDARIES FOR DIFFERENT STABILITY 

CLASSES 
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KILOGRAMS OF DU IN STORAGE DIVIDED BY WIND SPEED IN METERS PER SECOND 



When Stability Class Is unknown use F. 

When Wind Speed is unknown use 1 meter per second 




KILOGRAMS OF DU IN STORAGE DIVIDED BY WIND SPEED IN METERS PER SECOND 


CONTROL BOUNDARIES FOR FIRES 
METERS 



Use this chart when stability class is unknown. 

When Wind Speed is unknown, use 1 meter per second. 
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Safety 

SAFE HANDLING OF DEPLETED AND NATURAL URANIUM 


Paragraph 
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Policy 
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Radiation Work Permits 
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1. PURPOSE. To prescribe specific procedures pertaining to the handling and 
storing of depleted and natural uranium. 

2. SCOPE. The provisions of this pamphlet outline minimum safety measures 
to be adhered to by all AMMRC personnel involved in handling or processing 
depleted or natural uranium. 


3. POLICY* It is the policy, of this Center to minimize personnel exposure, 
both external and internal, to uranium and uranium compounds, and to maintain 
radiation exposures to as low as reasonably achievable (ALARA) . 

4. DEFINITIONS, a. In this pamphlet "uranium" will refer to both depleted 
and natural uranium material. 


b. "Radiation Work Permit" (RWP), XMR Form 311, is the prescribed form 
for written approval of certain work to be performed in restricted areas. 
(Figure 1) 

c. In this pamphlet "respirator" will refer to only those respiratory 
protective devices approved by the National Institute for Occunational Safety 
and Health (NIOSH) for 

use in atmospheres containing radioactive contaminants. 

5. RESPONSIBILITIES, a. The Radiation Protection Officer, (RPO) , is respon- 
sible for reviewing procedures, making surveys ana providing advice and assis- 
tance to uranium users and insuring compliance with regulations and approved 
procedures. 


♦This Pamphlet supersedes AKWRC Procedure 385-37, dtd 27 July 1972. 
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b. Chiefs of Organizations Using Uranium are responsible for complying 
with and enforcing requirements prescribed in this pamphlet which are appli- 
cable in all uranium processing areas. 

c. Supervisors are responsible for: 

(1) Assuring that his personnel are properly instructed and trained 
in the requirements for working with and handling uranium and for insuring 
that employees comply with all applicable rules and regulations. 

(2) Assuring that required monitoring devices, protective clothing 
and equipment are used by personnel in uranium processing areas. 

(3) Assuring that all personnel under his control, who are assigned 
to work with uranium, are placed on the Occupational Health Roster for 
uranium. 


d. The individual is responsible for being familiar with all safety 
requirements established in this procedure for complying with such require- 
ments. 

6. PERSONNEL PROTECTION, a. Protective clothing consisting of shopcoats, 
coveralls, trousers and shoe coverings are to be worn by personnel working 
in uranium processing areas designated as contamination control areas or as 
otherwise specified by the RPO. 

(1) Protective gloves will be worn when handling rough pieces of 
metallic uranium and other contaminated items. 

(2) An adequate supply of protective clothing will be maintained 

in uranium operating areas. Special care will be taken to deposit contaminated 
clothing in containers provided for that specific purpose. 

(3) Respirators will be worn by personnel whenever required and in 
new operations. Respirators will be surveyed and decontaminated after each 
use and placed in a polyethylene bag. 

b. To insure that personnel exposures are kept ALARA, the following 
general precautions will be followed: 

(1) All personnel will remove protective clothing in the designated 
clothing change areas. Protective clothing, other than pants, must not be 
worn outside processing of change areas. 

(2) Personnel will wash their hands and face before leaving uranium 
processing facilities. 

* 

(3) No eating, drinking, or smoking is allowed where contamination is 
present. 


2 
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(4) Approved warning signs, containing a three bladed propeller and 
also including the warning - "Caution Radiation Area", and/or "Caution - 
Radioactive Materials", in magenta on a yellow background will identify each 
radiation area, and will be posted on a permanent basis. 

(5) Uranium processing areas will be locked at all times during the 
absence of operating personnel. 

c. All personnel working in uranium areas shall wear personnel monitoring 
devices specified by the RPO while working in such areas. These badges will 
not be removed from the uranium facility but will be stored in a location 
designated by the RPO. The RPO will provide the required film badges and/or 
thermoluminescent dosimeters (TLD) to assigned personnel and will change the 
monitoring devices periodically. 

7. SAFETY PRECAUTIONS IN PROCESSING URANIUM, a. General. (1) All operations 
will be conducted in a very clean shop. The operation areas shall be mopped 
or vacuum cleaned when in use. Sweeping, which raises dust, is prohibited. 

(2) Decontamination of areas and machines will be performed upon 
determination by the R$OSB that it is required or when existing conditions 
approach the maximum contamination level permitted. General cleaning will 
be performed daily. 

b. Machining Uranium. (1) Machining of uranium and uranium alloyed 
components will be performed on machines designated for that purpose. 

Machines used in processing uranium will be so identified and segregated in 
specific areas. Special procedures must be submitted to and approved by the 
R&OSB whenever material, other than uranium, is machined on uranium process- 
ing equipment. 

(2) All equipment and materials will be decontaminated' prior to removal 
from uranium processing areas. The R80SB will determine whether the decon- 
tamination has been successful. 

(3) Operators will take all necessary precautionary measures to prevent 
uranium chips from igniting. 

(a) Machining will be done at minimum practical speeds with sharp tools. 

(b) Generous use of coolant and properly grounded tools shall be required. 
Corrosion problems concerning lathe beds and other machinery parts will be 
eliminated by replacing the soluble oil coolant with water soluble chemical 
base coolants such as "K-7" or "Cimcool". 

(c) The maximum accumulation of uranium chips allowed on a machine and/ 
or in the scrap bucket at any one time should not exceed 10 pounds. 
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(4) The following prcedure will be adhered to in removing chips and 
cuttings from machines : 

(a) Place a heavy duty 18" x 24" plastic bag into a 5 gallon can. The 
weight of the can is to be predetermined to the nearest one tenth of a pound. 

(b) Remove uranium chips and turnings from the machine and place them 
into the plastic bag and 5 gallon can. 

(c) Weigh the 5 gallon can and its contents and note the total weight. 
The net weight of the uranium is obtained by subtracting the weight of the 
5 gallon can and plastic bag from the total weight making allowances for 
alloy contents. Record the' net weight of uranium. 

(d) Transfer the contents of the 5 gallon can into a 30 gallon barrel 
located outside the east door bay area. Bldg. 312. 

(e) At the end of the workshift, the barrel of chips and turnings will 
be transfered to a designated storage area for incineration. Pyrophoric 
uranium chips and turnings raist not be kept in Building 31.2 overnight. 

(f) The gross weight, the net uranium weight, and the words "CHIPS FOR 
INCINERATION" will be marked, on masking tape applied to the side of the 
barrel. 


c. Melting Uranium. (1) R§0SB will be notified whenever a melt is to 
be performed. 

(2) Additional controlled areas will be set up where appropriate during 
uranium melting operations to minimize the spread of contamination. 

(3) Respirators and protective clothing will be worn when removing a 
uranium melt from the furnace and when working on the downdraft table. Care 
will be taken to keep airborne particulate to a minimum when removing the 
mold from the furnace. A downdraft table will be used when removing cast 
uranium from the mold or cleaning uranium castings. 

(4) Exposure to uranium slag should be limited because of slag dose rates 
up to 20 Rad/hr. 

d. Forging Uranium. (1) Controlled areas will be set up for all uranium 
forging operations to control the spread of air and surface contamination. 

(2) Protective clothing will be worn during uranium forging operations. 
Respirators will be worn during forging operations unless it has been deter- 
mined that respirators are not required. 
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e. Ventilating and Exhaust Systems. (1) In addition to area ventilating 
systems, machines should be equipped with approved permanent or portable venti 
ting and exhaust systems to keep uranium airborne concentrations at a minimum. 

(2) Air sampling will be conducted by the RPO on a periodic basis. Air 
sampling is also mandatory for all new operations. 

f. Sludge in coolant reservoirs and solid wastes from vacuum cleaner 
sweepings and exhaust filters will be handled as radioactive waste i Pyrophori 
material will be incinerated along with uranium chips and turnings. 

g. No new operations will be undertaken without prior approval of the 
RgOSB. 

8. RADIATION WORK PERMITS, a. A RWP is required for work performed in 
uranium processing areas under the following conditions: 

(1) For work by personnel assigned to these areas, not covered by an 
operating procedure approved by the RSOSB . 

(2) For work performed by personnel not permanently assigned to these 
areas, involving a radiological haaard. 

b. All work permits will expire on the last normal working day of the 
month during which they are issued, unless otherwise stated on the RWP. 

c. The initiation and use of the RWP is the responsibility of the person 
requesting or requiring the work. Part II of the RWP is used in conjunction 
with a high radiation field, where time limitations will be imposed, or a 
contaminated area, and is the responsibility of the RPO. 

d. The following procedure will be used in filling out RWP's: 

(1) RWP's will- be provided by the R&OSB upon request. 

(2) The person requesting to do work or have work done, which requires 
a RWP, will complete Part I to the extent possible and will list the names 

of personnel doing the work in Part II. The RWP will be submitted in triplic 
to the RPO. 

(3) The RPO will designate necessary special instructions and approve th 
RWP. Part II of the RWP need only be completed by the RPO if the radiation 
field encountered in the work area will necessitate restricting the time 
personnel are mitted in the area, or if contamination is expected. 
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(4) The RPO will retain the second copy of the RWP and will return the 
other two copies to the requesting organization. The requestor will retain 
the first copy for his files while the third copy is to be retained at the 
work site. 

(5) At the completion of the job, the third copy of the work permit will 
be signed by the requestor and returned to the RPO. 

9. VISITORS, a. No visitors will be admitted in uranium processing areas 
without express permission from the Chief of the particular organization. 

b. Precautions will., be taken so that visitors receive minimal exposure 
to ionizing radiation and airborne concentrations of radioactive particulate. 

c. Visitors will wear prescribed personnel protective equipment when 
entering uranium processing areas. 

d. Visitors must be accompanied by authorized personnel at all times and 
a record made of date and length of visit. 

10. EMERGENCY PLAN. a. In the event of a uranium fire certain precautions 
must be observed. Radiation contamination may be spread by explosion, smoke, 
or any other by-products of fire of firefighting, as well as inadvertant 
tracking of radioactive material by personnel or equipment. 

b. At least two Melt-X fire extinguishers will be maintained in the working 
areas. Water should not be used for fighting uranium fires. Two clean 
respirators restricted for use in firefighting will be maintained in a clean 
plastic box located above each extinguisher. 

c. In the event of fire, personnel on duty will attempt to control local 
fires with extinguishers while wearing properly fitted respirators. Personnel 
shall also immediately notify Security (ext 331S8) , the Building Fire Marshal, 
the area supervisor, and the RfjOSB (ext 33225 or 33605) . 

d. Normal operations will not be resumed until the Chief, R§0SB and the 
Fire Marshal have determined that the hazardous conditions have been brought ^ 
to safe operating levels. 

e. Semi-annual drills will be conducted by the organization Chief. Drills 
will include the use of emergency respiratory and other protective equipment. A 
summary report of each drill will be furnished to the Chief, R&OSB. 

11. RADIATION SAFETY SURVEYS. Supervisors of areas processing uranium where 
levels of contamination may exceed the established "clean limits", will survey 
their areas at least weekly to insure that their operations are within limits 
prescribed by AMMRQ4 385-4. Surveys may consist of the following: 
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RADIATION WORK PERMIT and HEALTH PHYSICS INSTRUCTIONS No. 

For Maintenance and Service Operations 
part I (Complete in Duplicate) 

Buildi ng Location_ ' 

Description of fro.lectt 


Special Instructions 

Protective Eauioment 

□ 

Notify before starting work. 

Coveralls 


Hand and foot counts required before leaving 
Radiation Area. 

No cuts or abrasions on hands or forearms. 

| Tool check at completion of work* 

- - 

Lab. Coats 


□ 

□ 

Chino Pants A Shirt 


Rubber gloves 


Cloth gloves 


us sued shoes 


(Shoe covers 


c 

lead covering 


Respirator 



fresh Air Mask 



[Paper clothing 


SURVEY: At start of work 



Continuous 



Approved t D&tA Tiae 

Area Supervisor 

Date Tiae. 

Health Physicist 


PART II 


Area 

mrem/hr. 

Time in Area 

Hrs . 

Mins. 





- - 





lane 

?Si 

lo. 

meter 

No. 

ion 

In 

worm 

Out 

^ \ - i 1 1 

flggflgfc M 1 

Contamination * 1 Decontaminated 

lands 

Shoes 

Clothes 

Hands 


Clot 
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a. Area surveys by swipe and instrument readings. Swipes will be read 
on the Tracerlab ratemeter or equivalent. Results will be recorded. 

b. Surveys of all materials leaving the controlled area. 

(DRXMR-AR) 

FOR THE DIRECTOR: 


OFFICIAL: W. R. BENOIT 

COL, TC 

Commander/Deputy Director 


PETER W. LICHTENBERGER 

CPT, QMC 

Adjutant 


DISTRIBUTION : 

B 

RGOSB (SO cy) 
MAD (75 cy) 



(a) Judge atmospheric stability class from outline at paragraph 6; other- 
wise assume stability class F. 

(b) Read wind conditions from appropriate instruments: otherwise assume wind 
speed of one Cl) meter per second (m/s). 

(3) Divide the amount (A) of burning mass of depleted uranium by the wind 
speed CU) to obtain (A/U) in units of (kg*sec/m). 

(4) Use the nomograph and connect the value of (A/U) to either side of the 
graph and read the initial control boundary in meters for a specif ic atmospheric 
class . 

f. The graphs from Figures 4.3.1a. and b. through 4.3.6a. and b. at reference 
20 may be directly utilized by making the following adjustments in nomenclature: 

(1) Replace D in figures with (CT) at paragraph 2. 

(2) Replace Q(mg) in figures with A(mg)*f (Amount stored* somatic (non)trans- 
portable fraction from fire and deposited to the (lung)kidney) at paragraphs 5 and 7 

(3) Replace DU/Q in figures with (CT)*U/A*f = (CT)/(SS) where the source 
strength (.SS) is (A*f/U) and U is the wind speed in meters per second (m/s). 

(4) The quantity (CT)/CSS) decreases as a function of the reciprocal of the 
the distance in meters (m) . 

8. RADIOLOGICAL IMPLICATIONS AND POPULATION DOSE. 


a. The dose commitment to the lungs is proportional to the infinite time 
integral of absorbed activity (fiCi) from T = 0, following a single, acute inhalation 
of somatic nontransportable aerosols of uranium. This calculation assumes insignifi 
cant previous accumulation and no additional accumulation is assumed. 


b. The activity (A) present in the lungs decreases at an exponental rate 
with time, or 

A(t) = ~ "** 

where A Q is the inhaled activity deposited to the lungs from somatic nontransport- 
able uranium, by the relation 


AoOuCi) 
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where CT is the integrated time-concentration factor as developed at 

paragraph 2, 

V is the ventilation rate of 1.25m 3 /hr ref.(ICRP), 

SpA is the specific activity for Uranium-238 of 0.333 /iCi/10 3 mg 
of DU, 

f'i is the insoluble, nontransportable, fraction deposited in 
the lungs as developed in paragraph 5, 

and 

Xe is the effective elimination rate of ln2/380 days (ref. 12). 

Upon substitution and evaluation of the numerical constants, the inhaled deposition 
is 

A 0 =8.0 mg.hr x 1.25m 3 x 0.333uCi x 0.0375 
m 3 hr 103mg 


A q = 1.25 x 10-^uCi 


c. The dose equivalent (DE) rate to the lungs in units of mrem/day follows 
the differential relation 


d DEfmrem 


dt \ day 


where 


and 


d[ DE ( mrem \ 
dt V day / 


= A e' 
o 




(juCi) x 


t 


r f MeV*rem \ x 1_ x 

\dis-rad J m(gm) 

lO^mrem x 1.6 x lO^erg x gm« rad x 


rem 


MeV lOOerg 


86400 sec x 37xl0 J dis 
day sec 


1 

c -/uCiJ 


£ is the effective absorbed energy per disintegration of 
43 MeV-rem/dis-rad for Uranium-238 (DU) 


m is the mass of the lungs of 1000 gm. Upon substitution and 
evaluation of the numerical constants of proportionality in 
brackets, the dose equivalent rate to the lungs becomes 


= 2.2 x 


10 3 A 0 e~^6 T 
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d. Solution to the infinite time integral of absorbed activity from t = o 
becomes the dose commitment to the lungs or 

DE(mrem) = 2.2 x 10 -^Aq (1-e - ^^*) 

Ac 

where 

A 0 = 1.25 x lCT^uCi 

= ln2/ 380 = 1.82 x 10 -3 day -1 


(.1) In one year the dose commitment to the lungs is: 

DE(mrem) = 2.2 x IQ 3 (1.25 x 10~ 4 uCi) -day . (1-exp (-1.82 x 10" 3 

lyr 1.82 x 10~3 


= 73.3 mrem 


x 365) ) (mrem) 
uCi.day 


(2) In 50 yrears the dose commitment to the lungs is 


DE (mrem) 
50yr 


2.2 x 10 3 ( 1.25 x IQ" 4 ) 
1.82 x 10- J 


= 151 mrem 


e. The derived annual dose commitment to the lungs following a single, acute 
inhalation of aerosols of uranium is less than 15% permitted nonoccupationally 
exposed individuals. If the assumptions' at ^.paragraph 5 are reliable, one may be 
tempted to augment the nontransportable fraction of activity deposited to the 
lungs as developed at paragraph 2 by enhancing the CT factor and reduce the derived 
control boundaries proportionately. A six fold increase in the CT factor from 

8 to 48 mg.hr/m3 results in an annual dose commitment to the lungs of 6 x 73.3 mrem 
or 440 mrem. Although less than the permitted annual nonoccupational dose, a six 
fold increase represents an acute insult of lOmg x 6 x 0.0375 or 2.25mg of somatic 
transportable (.soluble) uranium to the kidneys. This exceeds the maximum permissible 
uranium limit to the adult size kidney which is 0.9mg; and it greatly exceeds the 
permissible uranium limit to the infant size kidney which is 0.165 at references 
2 and 5 . 

f. If the assumptions at paragraph 2 are reliable, an increase in the somatic 
nontransportable radiotoxic contribution to the lungs from 3.75% to 22.5% at 
paragraph 5 would yield the same nephrotoxic and radio toxic values of 2.25mg and 
440 mrem respectively. Indeed an increase from 3.75% to 9% would match the adult 
limit: lOmg x 0.09 = 0.9mg. An acute insult of lOmg at a deposition fraction of 
3.75% delivers 0.375mg to the kidney which is the child's nephrotoxic limit. 
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g. It is therefore the enhanced nephrotoxic sensitivity that governs the 

derived control boundaries at paragraph 7 while committing a nominal non-occupational 

radiological dose to an exposed population. 
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SOME SUGGESTED MAXIMUM PERMISSIBLE SINGLE 
INTAKES OF URANIUM 

LS.EVB 

United Kingdom Atomic Energy Authority, Radiological Protection Division, 
Authority Health and Safety Branch, Harwell, Berks, England 

(Reremnt 7 Fe br uary 1964; a revised Jorm 18 May 1964) 

Abstract — The Recom men dations of the International Commbrioo on Radiological Pro- 
tection (1959; give maximum permissible concentrations for uranium in air and water, but 
before the issue of JCRP Pubikattem 6 in 1964, there were no instructions concerning the time 
over which MPCTs based on chemical toxicity of uranium might be a ve ra g ed. The present 
paper, which was circulated informally in the UJC. Atomic Energy Authority before the issue 
uf JCRP /Wri/M 6. makes some suggestions rtgavdingomn^MM^M|(IMip6MMMMMi 

for instance: 

(a; Maximum single intake u f inhaled u ranium in 1 day 2.5 mg 

lb) Maximum single intake of ingested uranium in 1 day 150 mg 

fcj Maximum i*lan«ird c mer gen ev inhalation f or occupat tonally-exposed p er so n s 10 mg 

The first two of tliesr suggestions are now in line with the recommendations of JCRP 
Pubiksttm 6. 


INTRODUCTION 

The 1959 Report of JCRP Committee II 111 stated 
iliat “over a period uf 13 weeks, thetfMD- 

present in 

uir «j r in water 

mmUmD during any 1 3- week period 4am 

by ex- 

i»«urc at the constant levcb indicated in sul^ 
'ertion 1 abutT." JCRP Maim Commission Report 
1959) 1,1 indicated iltat doses averaged over 13 
weeks sliouid lie measured in mm and tlicrefore 
IiresumaMy thb did not provide for mriuMe 


tMMHMl rather titan to radioactivity'. 
Paragraph 52 ( f ) of JCRP Jhtblicaiiom 6® r mrw 
lap do%m limits for the inhalation of not mor e 
titan 2-5 mg of soluble uranium in 1 day, or the 
ingestion of not more than 150 mg of soluble 
uranium a verag ed oxer 2 days. The conse- 
quences of inhaling or ingesting a 13-week dose 
of uranium in a short period of time, before 
these limits were applied, are discussed ltelow. 

INHALED URANIUM 
Radiation workers — inhaled soluble uranium 

If a natural uranium airborne exposure at 
the maximum permissible level was av e raged 


over 13 weeks the result would be as follows: 
xn.px.* U (nat) (soluble) »7 x 10~ w ficjcnP 
3 = 210 /ig/mr 3 (40-hour week m.p.e.)* 

If this is integrated over 13 weeks or 65 work- 
ing days, then exposure =* 210 x 10 x 65 fig 
inhaled = 1 3G mg U inhaled in one incident 
(10 ni 1 air inhaled/day). 

Twenty-five per cent of thb goes to the blood 
stream, i.e. 34 mg (1CRP model). 

Approximately 50 per cent of thb would be 
excreted in less than 24 hr,** 1 say in 1 1. of urine. 
-Tlicrefore urine would contain 17 mg/L ura- 
nium (natural). 

U.K. Atomic Energy Authority experience as 
quoted by Better worth * 4 1 shows that from a 
single exposure to uranium several mg/L of 
uranium in urine would produce albuminuria, 
although prolonged exposures would produce 
albuminuria at lower levels of a few hundred 
/tg/L of uranium. One case of acute UF f 
inhalation seemed to produce albuminuria at 
2 mg U/l. Therefbre-a figure of 17 mg/L U(nat) 
in urine would almost certainly produce albu- 
minuria, although whether thb would be per* 
marten tly harmful b a more debauble ques tio n. 
Lcesscniiop rt 4/. (11 state that the minimal in- 
jected dose necessary to produce catalasuria and 
773 
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Table 1 


Animal 

Lethal dose 9 
U(nat) 

Equivalent 
in 60-kilo 
man 

Rabbit 

.0.1 mg U/kg 

6 mg 

Guinea pig 

0.3 mg U/kg 

18 mg 

Rat A 

1 mg U/kg 

60 mg 

Mouse 

10-20 mg U/kg 

600-1200 mg 

Dog (subcutaneous 



“uranium nitrate”) about 2 mg .U/kg 

120 mg 


9 Expressed as lethal dose rather than LD^ since 
the dose-effect curve rises very steeply. 

albuminuria in man is of the order of 0.1 mg 
uranium/kg body weight for hexavalent ura- 
nium. Titus for a 60-kilo man 6 mg in the body 
would be likely to 
damage. This might be equivalent to an initial 
excretion of 3 mg uranium/1, urine. 

Table 1 show's approximatMomeictkaisiaHi 
of uranyl nitrate hexa-hydrate solution admin- 
istered iottatwodr in five species of animals, 
and followed for up to 29 days. 141 

Li/essenhop et by extrapolation of ex- 

perience gained from the Massachusetts Hos- 
pital series of cases consider that the injected 
lethal dose for man might be about dsng 
which is about the same level 
as for the rat. Therefore. 


i fatality} 

From these sources of ev idence 34 mg ab- 
sorbed into the body in one incident would 
appear to be excessive. Therefore a 13-week 
dose all in one exposure must be ruled out on 
toxicity grounds. In man, the urinary excretion 
rate from a single dose of soluble uranium 
remains high for alx>ut 8 hr ,a * and then starts to 
fall off fairly rapidly. It would seem reasonable 
therefore that 1 day’s total exposure could be 
allowed as a single intake; this quantity is 
2.1 mg in the air breathed (or to allow some 
free play 2.5 mg). 

Radiation workers — inhaled insoluble uranium 

For insoluble uranium the critical organ is 
considered to be the lung, based on radiation 
exposure rather than on toxic effect. Insoluble 
uranium in the lung is excreted very slowly 


through the kidneys ; t7> therefore if it were 
certain that ail the airborne uranium was in- 
soluble, exposures should be able to lie in- 
tegrated over 13 weeks. However, it is difficult 
often to be sure that all the uranium is present 
in such form; moreover there might be con- 
siderable excretion in the urine even after 13 
weeks had elapsed, 111 thus confusing the pattern 
of urine analysis during subsequent routine 
operations. Therefore, it might be wise not to 
make any exception of insoluble uranium unlev> 
in very' well controlled circumstances. It mav 
be worth noting that Patterson 141 dcscrilies tu» 
cases of human exposure to U 3 O g in which 
urinary* excretion after some days indicated a 
lung half-life of alxiut 120 days, as postulated in 
the ICKP (1959) calculations for insoluble 
uranium. 111 Possibly the 

of the uranium 

inhaled. 

Population exposure — inhaled soluble uranium 

It is suggested in paragraph 56 of ICKP 
(1959} m that, for exposure of special groups of 
the population, “the individual maximum per- 
missible annual dose will not be exceeded from 
internal exposure of any single organ, if the 
release of radioactive material is planned on the 
basis of one-tenth of the maximum permissible 
concentration^! PC) in air or water as given 
for continuous occupational exposure (168-how 
week).” 

If it were allowable that integration of .• 
uranium dose could take place over 1 year wr 
have: 

Occupational m.p.c.* U(uat) soluble (168-lti 
week) = 3 / 10‘ n /ic/an* 

= 90 /ig/ra*. 

Therefore dividing by 10 for population ex- 
posure and integrating over 52 weeks, there 

90 

would be produced in a single dose j-jj X 20 X 

365 fsg sa 66 mg inhaled (assuming 20 m 1 of air 
inhaled per day), or 16 mg in the blood of an 
adult, with correspondingly less in a child. This 
again would be very likely to produce albu- 
minuria. especially in those with damaged 
kidney*. 
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and thus differs from the radiation hazard 
which, for many of its effects, is cumulative. 
Also Hodge et in dismissing MACs for 
uranium in air, based their arguments on ex* 
penmen is in which animals were exposed to 
steady levels of atmospheric uranium rather 
titan to a series of larger doses spaced at in* 
tervals. Moreover, there seems to be no 
tendency to quote special public health m.px.'s 
f««r chemically toxic substances (except in the 
rose of beryllium). Therefore it is suggested 
that for adults in a population, and for purposes 
of averaging only, the maximum single intake by 
tlte inhalation route should be the same as Air 
tl»e occupational situation, Le. approximately 
mg uranium. Tlte maximum single intake 
l**r children would be lower by a factor ranging 
up to about 10 depending upon age and kidney 
'uec, but on the other hand minute volume 
I inures Air air breathed at different ages vary by 
a factor of the same order, 11 * 1 so that the appro- 
priate concentrations in air would be likely to be 
altuul the same as for adults. 

Imputation expo su re — i nhaled insoluble uranium 
There is usually some difliculty in deriding 
whether uranium to which a population may be 
« k pnsed is in the soluble or insoluble form; i£ 
however, exposure was definitely proved to be 
‘hi r to insoluble material only, then the liazard 
would appear to be mainly of a radiological 
< haracicr, with the lung as the critical organ. 
In this case the averaging rules as enunciated by 
the ICRP would, of course, apply. 

INGESTED URANIUM 
Invested uranium — ormpational and population 


Similar calculations can lie made for ingested 
uranium, eg. 

nupx. v U(nai) soluble or insoluble (168-hr 
week) - 2 x 10-« /ic/cm* (ICRP 1959) 

=a 6 x lO^g/cm*. 

Daily amount ingested at m.px. 

=» 6 x ICT* x 2200 g (assuming water in- 
take a 2200 cm*/day) 

= U g (occupational) or 0.13 g (population 
exposure). 

^2-wcck exposure (ingested) 

“ * 365 um 47 g (population exposure). 

This again would seem to be much too mud 


if ingested in one dose. A human volunteer 
ingested 1 g of uranyl nitrate hexahydrate in 
200 cm* water ( =* 0.47 g uranium). <u> He ex* 
pcnenced rather violent vomiting, diarrhoea 
and slight albuminuria with a peak uranium 
output in urine at the rate of 8 mg U/I. (on two 
specimens of 30 ml). In ihe Erst 7 days he 
excreted in his urine 2.5 mg of uranium element. 
I* thought therefore that he may have 
absorbed about 1 per cent of the ingested dose, 
Le. much greater than the 10"* fraction esti- 
mated by ICRP (1959) and based on animal 
work. 111 More recent work by Fish et aL xlty on 
dogs given uranyl fluoride in water by mouth, 
showed that uptake into the bloodstream aver- 
aged 1-5 per cent of die rather high dose 
administered. 

It seems that the 1959 occupational m.p.c. 
for ingestion might have been rather high and 
that the irritative effect of these comparatively 
large amounts or uranium on the gastrointes- 
tinal tract may have been underestimated.* 
The occupational m.px. for ingestion is how- 
ever only of interest as a measure of the gravity 
of an accidental ingestion in a radiation worker. 

The more important figure to establish is the 
population dose for ICRP Group B(c) which 
an individual may ingest at one time. Evidence 
is lacking, but it is suggested that approxi- 
mately one- third of the dose found to be 
irritating to the gut in the above experiment 
might be allowable, Le. 150 mg uranium 
(measured as the clement). This would be 
equivalent to averaging the maximum per- 
missible exposure over 2 days if only fluid 
intake (1200 cm*/day) is contaminated, but 
would represent a shorter time than this if total 
water intake (2200 cm*/day) is contaminated.* 
Since children’s kidneys are about onc-tenth 
the size of an adult’s, it would seem logical to 
reduce the above intake by one-tenth for 
environmental use.* The weight of both 
kidneys in a new bom baby is 20-30 g, whilst 
the weight of both kidneys in adults it 260- 
360 g. ltai The fluid intake of a baby is about 

* ICRP Publication 6 has tackled these problems by 
reducing factor f 9 (fraction reaching organ of refer- 
ence by ingestion) from 10"* to 10"* as well as by 
laying down maximum limits lor ^ 
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a fifth of that of an adult, so that this factor 
partially compensates for the smaller size of a 
baby's kidneys relative to those of an adult. 

PLANNED EMERGENCY EXPOSURES 
OF EMPLOYEES 

It is suggested that 10 mg of soluble natural 
uranium inhaled over a short period would, on 
ICRP principles, lead to a total dose of 2.5 mg 
in the bloodstream (i.e. absorbed dose). This is 
somewhat less than the 0.1 mg/kg injected dose 
which Luessexiiop el e/.** 1 mention as the 
nephrotoxic dose for man. Therefore a figure 
of 10 mg natural uranium in the total air 
breathed over a period might be considered as 
a reasonable “ planned emergency* exposure” in 
the ICRP sense. In efTcct this would be 
equivalent to administering nearly 5 days* dose 
at one time, but this dose would l>e subject to 
the rules of other planned emergency exposures. 

ENRICHED URANIUM 
For enriched uranium the principles dis- 
cussed above would apply for the toxic efTect, 
but the radiological effect on t>onc or kidney 
could be integrated in the ICRP way. The 
simplest solution is to express maximum single 
intakes of uranium in units of weight as above, 
and consider that these apply to any given 
enrichment of uranium. 

Aeknonledgment'—X am grateful to a number of col- 
leagues in the United Kingdom Atomic Energy 
Authority and to Dr. J. F. Loutit of the Medical 
Research Council, who liave criticised an earlier 
draft of this paper. 

REFERENCES 

1. International Commotion on Radiological Pro- 
tection. Ret ommmdat tons and Report of Commuter U 
on permissible dose for internal radiation. Perga mon 
Press, London (1959). 

2. Recommendations of the International Com- 
mission on Radiological Protection, ICRP Publi- 
cation*. Pergamon Press, London (1964). 


3. E. C. Stkuxnu, A. J. Lul.wl.nhop, S. R. B*.». 
naro and J . C. Calumoke. The distribution and 
excretion of hexavalcm uranium in man. Pro- 
ceedings of the 1st International Conference on iht 
Peaceful Uses of Atomic Energy. Geneva, 1955. Unimd 
Nations Publications, Vol. X, pp. 186-196, Nrw 
York (1956). 

4. A. Buttkrwoktii, Symfnssium on Oaupatiunal 
Health E\pmrnee and Practices in the Uranium In- 
dustry, U.S.A.E.C. Document HASL-58, pp. }| 
and 231 (1959). 

5. A. J. Lckmkmiop, J. C. Galuuorx, W. |J. 
Swf.lt, E. G. SrKL XNkjvs and J. Robinson, Amrr. 
J. Roentgen w/. 79, 83 (1958). 

6. F. L. Hauv and H. C. Iloix.r, Toxuit\ follow- 
ing the parent* ral administration of certain 
soluble compound*. in Pharmacology and Toxteui-- , 
oj Cranium Com/mtunds by C. X'oKtiTiJiN and H. ( .. 
Honor, |*t. I. pp. 281 and 31)8, .\|« Graw-llih. 
New York (19491. 

7. E. A. Maynard and \V. L. Downs, .-I Symposia- 
an Occupational Health Experience and Piactiees in ir< 
L ionium Industry. U.S.A.E.C. l>icumcnt HASl.-i: 
(1959). 

8. G. R. Patylrmjn. F.valuatiun and control «»t 
internal e\jm*urr frutn rnrit lnd uranium at Y- 1 J. 
Symfnuum on ‘ Occuf rational Health Experience ar . 
Practices in the l ‘ ionium Industry. U.S..YE.C. Dim «»• 
ment HA.Sl.o8, p. 64 (1959i. 

9. H. C. Honor.. H. E. Stokinufr, \V. F. Nmu\ 
and A. E. Brandt. Maximum allowable con- 
centration of uranium duu in air. in Pharmaealo-i 
and Toxicology of Uranium (impounds, bv < 
VoMiTUN and H. C. littwa, Pt. IV, pp. 2 UK 
2256. McGraw-Hill. London H953). 

10. U.S. National Academy of Seienrcs, Handbook »./ 
Respiration , p. 43, Saunders. Philadelphia f I ‘»YH . 

11. A. UuTTL rworth, Trans. Assoc. Ind. Med. Otf. 5, 

36 (1955). 

12. B. R. Ftstt. J. A. Pay.nl and J. L. Tmom»-*»\. 
Ingestion of uranium rompnundt, Oak Ride 

at tonal Laboratory , Health Physics Dint ion, Annutil 
Progress Report for ftenud ending 3 1 July Ihrti- 

ment ORNL 2994 (1960). 

13. W. E. Nelson, Textbook of Pediatries, 7th Edition: 
Saunders, Philadelphia (1959). 



Amount Stored 
per unit 
wind velocity 

A 

CONTROL BOUNDARY FOR FIRES 

PASQUILL’S STABILITY CATEGORIES 
BCD 

E 

F 

(A/U) 
kg sec/m 

km 

km 

D I S T A 
km 

N C 

E S 
km 

km 

km 

100. 

0.04 

0.04 

0.07 


0.11 

0.15 

0.27 

200. 

0.05 

0.06 

0.09 


0.16 

0.24 

0.44 

500. 

0.76 

0.1 

0.15 


0.27 

0.42 

0.8 

800. 

0.94 

0.13 

0.2 


0.36 

0.56 

1.1 

1000. 

0.1 

0.14 

, 0.22 


0.4 

0.64 

1.3 

2000. 

0.14 

0.19 

0.31 


0.56 

1 . 

2.1 

5000. 

0.2 

0.31 

0.5 


1 . 

1.9 

4. 

8000. 

0.25 

0.4 

0.66 


1.3 

2.4 

5.6 

10000- 

0.27 

0.44 

0.74 


1.5 

2.7 

6.4 

20000. 

0.36 

0.62 

1.05 


2.3 

4.4 

10. 

50000. 

0.52 

1 . 

1.7 


3.8 

7.6 

19. 

80000. 

0.64 

1.25 

2.2 


5. 

10. 

V 

27. 

100000. 

0.7 

1.4 

2.5 


5.6 

12. 

31. 
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DRDME- VR 


1. Purpose . The purpose of this report is to determine the exclusion 
control boundaries for fires involving depleted uranium ammunition in 
transit or in storage . Radiation and chemical toxicity are considered 
in establishing the criteria for the control boundaries. This report 

is prepared in the absence of experimental data on the amount of 
uranium released to the atmosphere during a fire. This lack of 
data leads to the conservative assumption that all of the uranium 
will be aerosolized in a soluble form. 

2 . Background . 

a. Uranium, as a heavy metal, is an ideal projectile for ammunition. 
The advantages are offset by some disadvantages associatedwith the 
controllable hazards of manufacturing, transporting and storing. The 
hazards to workers who process uranium have been identified in numerous 
studies. Using proper precautions these workers can be protected from the 
exposure to the dust from the processing procedures in a continuous day- 
to-day environment. 

b. Natural uranium contains three primary isotopes: U-238, U-235 
and U-234. All of the isotopes are radioactive. The limit set for the 
exposure of radiation workers is based on the concentration of uranium 
in the air that will damage the kidney, the critical organ. For a worker 
in a concentration of uranium dust , the time average value for the 
concentration over a 40 hour work week is set as 0.2 mg/m**3. (10CFR20) 
The maximum excursion is set at a factor of 3 or 0.6 mg/m**3. (Sax) 
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SUBJECT: Dispersal of Uranium During a Fire ^ 

c . An accident or fire that occurs during transport or storage 
presents some special problems . Not only the people in the immediate 
vicinity (emergency and fire fighting personnel) but also people at 
distances downwind from the fire are faced with potential over exposure 
to airborne uranium dust. This dispersal of uranium can expose all age 
groups in the general public. The exposure limits that have been 
established for the working population are not directly applicable 
to this group. The standards were written on the basis of continuous 
exposure where the concentration of uranium in the body will reach 
an equilibrium level. The general population will be exposed to a 
single exposure and there will be no significant uranium concentration 
in the body at the time of exposure. 

3 . Population Differences. Different segments of the population will 
have different maximum uranium intakes before undesirable effects 
begin to occur. These population differences are related to the mass 
of the kidneys, where the limit is established at three microgram of 
uranium per gram of tissue. This variation of total intake does not 
necessarily imply that there will be vastly different concentrations 
for the individuals to reach their limits . The factors that influence 
the concentration are the individual limit for intake , the ventilation 
rate and the time for the exposure. Since we are dealing with an acute 
exposure, there will be only minor changes in the effects whether the 
exposure occurs in one hour or six hours . 

4. Parameters of Uranium Release During Fire . The release of uranium 
is assumed to be a point source at ground level. This assumption will 
result in calculating concentrations that are higher than will occur in 
practice. This is a conservative approach to the problem. (NUREG-0170) 

All of the uranium will be aerosolized in a soluble form. 

5 . Approach for Limit Calculation . Two approaches will be taken for 

the acute exposure limit. The first will be made on the basis of the standard 
for continuous exposure and the results calculated for an acute exposure. 

The second is based on a maximum concentration of uranium in the kidneys . 
These two approaches yield similar results and provide a basis for selecting 
a concentration time factor that is used in calculating the control 
boundaries . 
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SUBJECT: Dispersal of Uranium During a Fire 

6 # Derived Uranium Concentration Limit (Acute Exposure) . The established 
limit for the concentration of uranium in air, as well as the accepted 
excursion factor, was based on continuous exposure. When one is dealing 
with an acute exposure, such as a fire, the exposed individuals will 
have no initial body burden and the maximum permissible uranium 
concentration in air can be higher without the kidneys becoming 
overburdened. The following derivation gives a method to estimate 
concentration limits for acute exposure^ 

a. Under continuous exposure, the amount of uranium in the 
kidneys will be constant and the amount excreted daily will equal 
the amount taken into the body. This may be expressed as: 

L*N= r*V*C 

where: 

L= ln(2)/15, the decay constant based on a biological 
half-life of 15 days . 

N= amount of uranium in the kidneys . 

r= fraction absorbed into the body. 

V= ventilation rate (1.25 m**3/hr) . 

C= concentration limit (0.2 mg/m**3). 

b. During an accidental release, the total amount of uranium in 
the kidneys will not be greater than that absorbed into the body. If 
the total body absorption is limited to that permissible in the kidneys 
under continuous exposure conditions, then the following relation holds: 

N=r*V*C/L= r*V*(t/8)*D 

where: 
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t= number of hours over which exposure occurs . 

D= derived concentration limit. 

This may be solved for the derived concentration time limit 
and the result is: 

D*t=8*C/L = 1 

Substituting for C and L, the concentration time factor is found 
to be 34.6 mg-hour/m**3 . 

7 . The second approach to calculating the control limit uses the maximum 
permissible concentration of uranium in kidney tissue. According to WASH 
1251, this is three microgram per gram of tissue. For an adult with a 
kidney mass of 300 grams, this gives a total of 900 microgram of uranium 
in the kidneys. ICRP 2 give 0.028 as the fraction of the inhaled uranium 
that is deposited in the kidneys . 

a. The following equation describes the limiting condition. 
0.028*V*C*T=0.003*M or C*T=0.003*M/(0.028*V) 

where: 

V= ventilation rate (m**3/hr) . 

C= concentration (mg/m**3) . 

M= mass (g) . 

T= time (hours) . 

r'* 

b. The results of the calculations for various age groups are given 
in the following table. Two sets of data are reported that reflect the 
different ventilation rates that are given in NUREG 0172 and the Radiological 
Health Handbook. 
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Group 

Kidney 

Ventilation 

C*t 


mass 

rate 



g 

m**3/hour 

mg*hr/m** 

NUREG 0172 




Infant 

55 

.233 

25.24 

Child 

100 

.292 

36.66 

Teen 

210 

. .562 

39.97 

Adult 

300 

.833 

38.57 

Radiological Health Handbook 



Infant (ly) 

55 

.195 

30.09 

Child (lOy) 

175 

.616 

30.43. 

Adult (avg) 

300 

.95 

33.83 

Adult (work) 

300 

1.25 

25.71 


c. The mass of the kidney for the child in the table using the 
data for breathing from the Radiological Health Handbook is based on 
the data from Spector by averaging the masses for the 9-10 and 10-11 
years. This is higher than that used as the average of the 1 to 10 year 
(see NUREG 0172) . The transfer from the blood to the kidneys is 
0 . 11 . 


8 . Selection of a Concentration Time Limit . Both of the above approaches 
yield values that are always greater than 25 mg-hour/m**3. This is to 

be compared to 8 mg-hour/m**3, the weekly limit for a production worker. 
It is instructive to evaluate the implications of the use of 25 mg-hour/m**3 
in terms of estimated effects of acute exposures on the body functions. 

9. A single intake into the blood stream may produce death if the 
amount exceeds 1 mg/kg of body weight. (Luessenhop) (Wright) 

The concentration time factor of 25 can be used to calculate the body 
intake by remembering that 25% of the soluble uranium that is inhaled 
will be absorbed and by using the respiration rate for the particular 
age group. This can then be compared to the body weight. 


Group 

Respiration 

Absorbed 

Body 

Ratio 


Rate 

Uranium 

Mass 



m**3/hr 

mg 

kg 

mg/kg 

Infant 

.233 

1.456 

10.7 

.136 

Child 

.292 

1.825 

21 

.086 
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Group 

Respiration — 
Rate 

Absorbed 

Uranium 

Body 

Mass 

Ratio 


m**3/hr 

mg 

kg 

mg/kg 

Teen 

.562 

3.512 

45 

.078 

Adult 

.833 

5.206 

70 

.074 

Adult (work) 

1.25 

7.812 

70 

.111 


10. This evaluation of the use of the concentration time factor as 25 
mg-hour/m**3 indicates that the acceptance of this value as a limit 

is not unreasonable. The body burden is less than 0.15 mg/kg which is 
less than 15% of the limit that Luessenhop, et al, set for an acute exposure 
to possibly result in the death of an individual. For the balance of the 
report, a concentration time factor of 25 mg-hour/m**3 will be used 
for the control limit. 

11. Plume Depletion . 

a . The plume depletion is calculated by the equation: 

R=0 .9-0 . 05862*ln(x)-0 . 01037* (ln(x))**2 . For x> 0.1 
R=1 For x< 0.1 

where: 

R= fraction remaining in the plume. - 

x= distance of plume travel in kilometers . 

b. This equation approximates the graph of Figure 2, NRC Regulatory 
Guide 1.111 and is applicable for all atmospheric conditions when the 
releases are at ground -level. Plume depletion is dependent on many 
different factors; Gudiksen, et al, studied the depletion rates for 
plutonium dioxide releases over different types of terrains. The 
fraction remaining in the plume, as calculated using the above 
equation, will be larger (hence, more conservative) than those 
reported by Gudiksen. 
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12. Uranium Concentration in the Plume » The uranium concentration 
in the plume was calculated using the constant mean wind model 
(equation 3) of NRC Regulatory Guide 1.111. It is assumed that the wind 
speed, direction and the source strength will remain constant and 

that the release is at ground-level. The concentration time factor can 
be expressed as: 

C*T=2.032*Q*R*T/[X*U*S(X)] 

where: 

C= concentration in the plume - g/m**3. 

Q= source strength - kg/s. 

R= plume depletion factor. 

T= time - hours . 

X= distance from the source - km. 

U= wind velocity - m/s. 

S(xJ= vertical plume spread based on distance, X, and 
the atmospheric stability class - m. 

2.032= factor that accounts for the 22.5 degree sector 
that is considered. 

13 . Scenario of an Accident . A fire occurs in an igloo magazine where 
depleted uranium ammunition is stored or in a transport vehicle carrying 
the ammunition. The stored uranium is released to the atmosphere 

in respirable sizes. Three atmospheric stability classes are considered: 

(1) Stability classification "B" or moderately unstable. (2) Stability 

classification "D" or neutral.- (3) Stability classification "F 1 or 
moderately stable. The wind direction is assumed to remain constant; 
i.e., within the same 22.5 degree sector, during the release. Several 
wind speeds (1, 2, 5, 8, and 10 meters per second) are used to calculate 
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the distances where various uranium concentrations in air will be reached. 

The air concentrations of 25 mg-hour/m**3, 8 mg-hour/m**3, and 2.5 mg-hour/ 
m**3 will be used to indicate various levels of control. These three 
levels represent a maximum acute exposure, the maximum weekly 
exposure for workers in uranium production and a value of 0.1 times 
the maximum exposure. 

o'* 

14. Results . The results of the calculations are shown in Tables 1-3. 

Each table gives the distances for the plume concentration time factor 
to decrease to the specific level. The iterative procedure was stopped 
when the calculated distance was within one percent. Some general 
comments are: (1) Smaller areas will need to be controlled when 

the wind velocity is higher. (2) The more unstable the atmosphere, 
the more rapidly the plume disperses. (3) The potential area for control 
can be reduced by keeping smaller quantities of uranium in any one area. 

15. Discussion. 

a. The uranium concentration in the air surrounding the fire will 
exceed the concentration limit calculated for an acute exposure-. 

Emergency personnel working to control the incident are required to 
take protective measures to avoid inhaling the dust. Self-contained 
breathing unitwill probably be most effective in this area. 

b. The people in downwind positions should be evacuated if they 
are in regions where the concentration time factor is expected to exceed 
the acute exposure lim.it of 25 mg-hour/m**3. Those further downwind 
can be advised to remain indoors during the passage of the plume. This 
latter measure will give an additional safety factor and reduce the 
body burden in the exposed population. 

c. This study indicates the general scope of the problem associated 
with DU ammunition during a fire . Specific recommendations for a 

site are dependent upon a number of factors which are site dependent. 

This study does not provide a procedure that will permit an easy evaluation 
of a site based on the varying factors . 
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d. As an example: Consider a storage location where the facility 
has control over the area out to a distance of 3 km. Using the results 
for the "F" stability class, the maximum amount in storage is 5000 kg 
of uranium. If one has evidence that the prevailing winds and stability 
class are such that the wind speed is always greater than 4 m/s and a 
stability class is "B", then the maximum amount in storage is over 
400000 kg (see table for class "B" stability). This example is an 
illustration of how the tables may be used with site-specific 
information . 

e. Figures 1 through 4 show in graphical form the information 
contained in the tables . Figure 1 permits a visual comparison of 

the changes in control boundary with changes in the stability classes. 
Figures 2 through 4 will be used to determine the location of control 
boundaries for specific storage quantities, or alternatively, the 
limits of storage based on the known boundaries which are controlled 
around a storage site. 

f. This study has been based on the release of the uranium as a 
soluble compound. In the following table, the radiological 
implications for insoluble compounds is given for different body 
organs. (Hoenes) The table gives the dose commitment in 

mrem for 50 years to an individual exposed at the control boundary 
of 25 mg-hour/m**3 . 


Group 

Lung 

Total Body 

Bone 

Kidney 

Infant 

642 

6.9 

100 

19.8 

Child 

402 

6.3 

107 

17.1 

Teen 

398 

4.1 

68.3 

15.6 

Adult 

343 

4.2 

71.5 

15.6 

Adult (work) 

515 

6.4 

107 

24.4 


g. The lungs will receive the largest dose commitment which is over 
500 mrem per incident for the infant and the working adult. These are 
dose commitments for 50 years from a single incident, but the dose is 
effectively delivered to the lungs during the first two years . The infant 
at the control boundary will receive 563 mrem during the first year from 
the single incident. 
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16. Adopted Conventions . The following symbolic conventions are 
used. 

a. * = multiplication. 

b. / = division. 

c. ** = exponent. 

d . In = natural logarithm . 
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Assume that air sample results have shown that during a fire a group of 
workers have been exposed to a cloud of depleted uranium ox ides I Airborne 
concentrations appear to have exceeded 100 times MPC and workers were present 
in this atmosphere between 10 and 45 minutes. Decide what actions you need to 
take to evaluate the workers dose and prepare a presentation program to the 
workers explaining the hazards of uranium, the fate of the uranium that has 
entered the workers' bodies and the evaluations that will be performed. 




•Assume that air sample results have shown that during a fire a group of 
workers have been exposed to a cloud of depleted uranium oxides. Airborne 
concentrations appear to have exceeded 100 times MPC and workers were present 
in this atmosphere between 10 and 45 minutes. Decide what actions you need to 
take to evaluate the workers dose and prepare a presentation program to the 
workers explaining the hazards of uranium, the fate of the uranium that has 
entered the workers' bodies and the evaluations that will be performed 


Assuming you are RSO at a facility that converts DERBY into metallic uranium. 
Describe your response to a biweekly bioassay sample from a worker that con- 
tains 130 yg/1 uranium by fluorometric analysis. Assume the high reading was 
discovered 3 days after the sample was collected. Would your response change 
if a worker with a similar job on a different shift also showed a similar hiah 
result. If so, how would it change? 
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A fi !Tf l n . a building where uranium is machined has spread to the duct work and 
resulted in considerable damage. Describe the assessment actions you, as the 
radiation safety officer in charge of the facility, would take once the fire 
is extinguished. Consider especially the following: (1) The fire fighters 

and their equipment; (2) Potential environmental releases; (3) A radiation 
safety program for facility entry and damage/material inventory; (4) The 
notifications that might be required presuming that some depleted uranium had 
burned in the fire. 


HEALTH PHYSICS ASPECTS OF DEPLETED URANIUM 
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Reference Text 


Questions: 


Experience: 


Homework : 


Examinations 


Attendance 


Fundamentals of Health Physics for the 
Radiation Protection Officer 

The only dumb questions are those that 
go unanswered. Please ask. The others 
are probably waiting for someone else 
to ask first. 

You are each experts in your area. You 
may have valuable information that others 
can use. Please share. 

Reading assignments and some problems 
will be given. 

A pre-course test will be given with a 
30 minute time allotted. A final 
examination will be given with a two 
hour time allotted. 

Your signature on the attendance form 
each day of the course is required to 
receive an attendance certificate. 
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Pre-Course Test 

1. Characteristics of Depleted Uranium 

2. Radiation Physics •; 
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3. Radiation Biology and Toxicology 

4. Purpose of Radiation Safety Program 

12:00 noon LUNCH 

1:00 p.m. 5. Radiological Surveillance Program 

6. History of Depleted Uranium Production 

7. Military Uses of Depleted Uranium 
BREAK 

8. Uranium Processing to Green Salt 

9. Uranium Processing, Green Salt to Metal 

Tuesday, March 6, 1984 


8:00 

a.m. 

10. 

12:00 

noon 


1:00 

p.m. 

11. 



12. 

Wednesday, 

March 7 


Uranium Metal Processing 
LUNCH 

Waste Management 
Dosimetry and Instrumentation 
Workshop Instrumentation 

1984 


8:00 a.m. 

12:00 noon 
1:00 


12A. Fire Hazards of DU Munitions 

13. Demilitarization of DU Ammunition 
LUNCH 

14. DU Munitions Storage and Transport Munitions 
Quality Control 


Thursday, March 8, 1984 


8:00 a.m. 

16. 

Hard Impact Testing 


17. 

Radiation Safety for Test Operations 

12:00 noon 


LUNCH 

1:00 p.m. 

18. 

Recovery and Restoration 



Problem Solving Workshop 


Friday, March 9, 1984 

8:00 a.m. 19. Aerosol Sampling 

20. Environmental Monitoring 
BREAK 

FINAL EXAMINATION 
12:00 CLOSE 
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Physical Properties 
Chemical Properties 
Nuclear Properties 

2. Radiation Physics 
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Manmade Radiation 
Atomic Structure 
Isotopes 

Radioactive Decay 
Properties of Ionizing Radiation 
Radiation Quantities and Units 
Types of Radiation Exposure 

3. Radiation Biology and Toxicology 
Radionuclide Pathways Into the Body 
Radionuclide Transport Within the Body 
Maximum Permissible Concentrations 


Reference Text 


Chapter I, pages 5-33 
pages 49-53 


Chapters 1, pages 31-41 
Chapter 5, pages 3-37 
Chapter 7, pages 6-13 


Threshold Limit Value 



Bioassay 

Biological Effects of Radiation 
Acute and Chronic Exposure 

4. Purpose of Radiation Safety Program 
ALARA 

External Exposure 
Internal Exposure 
Contamination Control 
Predicting and Controlling Radiological Hazards 

5. Radiological Surveillance Program Chapter 4, pages 5-35 

Program Administration 

Radiological Measurements 
Protective Measures 

6. History of Depleted Uranium Production 

7. Military Uses of Depleted Uranium 
Uses of Depleted Uranium 
Advantages of Depleted Uranium 
Disadvantages of Depleted Uranium 

8. Uranium Processing to Green Salt 
Mining 
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Reference Text 


Chapter 3, pages 3-26 

Chapter 6, pages 3-26 
Chapter 8, pages 15-34 



Reference Text 


Conversion 

9. Uranium Processing, Green Salt to Metal 
Orange Salt 
Green Salt 

Metal L 

Prurifi cation 

10. Uranium Metal Processing 
Conversion of DU Derby to Components 
Conversion of DU Derby to Rod 
Conversion of DU Rod to Penetrator 
Hazards Associated with Mechanical Process 
Hazards Associated with Machining/Lathing 

11. Waste Management Chapter 10, pages 3-14 

12. Dosimetry and Instrumentation Chapter 2, pages 5-52 

Personnel DU Dosimetry Program 

Personnel DU Dosimetry Types 
Factors in Accurate Dose Assignment 
Radiation Detector Instruments 
Instrumentation Workshop 

12A. Fire Hazards of DU Monitors 
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Conclusions 

Los Alamos Heat Test 

13. Demilitarization of DU Ammunition 

14. DU Munitions Storage and Transport 

15. Munitions Quality Control 
DOA Supplier Surveys 
Pre-Award and Post-Award Surveys 
Health Physics Programs 

Fire Protection Programs 

16. Hard Impact Testing 
Surface Contamination 
Airborne Contamination 

17. Radiation Safety for Test Operations 
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Equipment 
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Reference Text 


Chapter 9, pages 5-54 

Chapter 14, pages 3-16 
Chapter 15, pages 5-42 


Chapter 7, pages 14-16 
pages 31-44 


Reference Text 


19. Aerosol Sampling 

Respirable Particulates 
Routine Air Sampling 

Selection of Sampling Locations and Equipment 

Sampling Frequency 

Records 


Chapter 4, pages 21-23 
Chapter 5, page 6 
Chapter 13, pages 5-50 


20. Environmental Monitoring Chapter 4, page 30 

Relationship to Radiation Safety Program Chapter 3, page 8 

Elements of the Environmental Monitoring Program 
Records Requirements 
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* BETA SURFACE DOSE RATE IN AIR THROUGH A 
POLYSTYRENE FILTER 7 mg/crn 2 THICK. 
(REFERENCES: KINSMAN. 1954; HEALY. 1970) . 
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BETA SURFACE DOSE RATES FROM EQUILIBRIUM 
THICKNESS OF URANIUM METAL AND COMPOUNDS 




RADIATION PHYSICS 






V*l O l-» l-» o 
• • • ; ^ • ■ 
O O : O O 

O O 

.Cr 




CD 

9 



RADIONUCLIDES OF SIGNIFICANCE CONTRIBUTING 




HAN MADE RADIATIONS 



(uosjad/aajq S3iVlS (HUNTI 3Hi NI S3S00 
NOIiVIOVH AOO8-310HN 39VH3AV Q3IVHI1S3 JO jUJVMfflS 



mrem/person 





rxj > 
x 


RADIATION PHYSICS 




yfifcffivV 




mmwi 


rrr^r 


’A.?. 


Try 




ELECTRON 



CD 

ro 


cn 


CD 

ro 


ro 

ODUnJ 

roco 


CD 

ro 



ro 

CDCAl 

roun 


CD 

ro 



CD 

ro 


ro 

CDVjsJ 

lO^r 


RADIATION PHYSICS 





NEUTRAL ATOM IONIZATION ION PAIR 



CO 


rv» 


RADIATION PHYSICS 



©NSS 
















ALPHA Cf 

BETA /3 

GAMMA J 
NEUTRON /7 

RADIATION 

TYPE 

4 

1 

2000 

0 

1 

MASS 

+2 

±1 

0 

0 

CHARGE 

7M 
500 M 
670 M 
70M 

SPEED 
IN mph 

oooe 

ooos 

09 

* 

L 

1 

RANGE 
IN AIR 
(FEET) 

PAPER 

ALUMINUM 

FOIL/LUCITE 

SEVERAL 

FEET 

CONCRETE 

/LEAD 

SHEETS 

SEVERAL 
FEET WATER 
OR PARAFIN 
/GRAPHITE 

SHIELD 


NUCLEAR RADIATION 





RADIATION UNITS 



{ 



TYPES OF RADIATION EXPOSURE 


n so m 

x > x 

■D O H 
O rr rti 







LIMITING EXTERNAL DOSE 












PECIAL PROCEDURES 


© 


c 

w 

m 


(0X033 2 
o i- m 33 
oOOTO 

TO > 


m 33 m 

w -<0 

3q 

q| 


>0 



30 


LIMITING INTERNAL EXPOSURE 




ENTRY MECHANISMS 
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PURPOSE OF A RADIATION SAFETY PROGRAM INVOLVING DU 


A. ALARA/minimizing exposure 

1, External exposure control 

2. Internal exposure control 

B. Contamination control 

C. To PREDICT AND CONTROL RADIOLOGICAL HAZARDS 



EXTERNAL EXPOSURE FROM DU 


A, Hazards 

1, Gamma Radiation (Penetrating) 

2. Beta Radiation (Non-Penetrating) 

B. Dose Reduction Methods 

1, Time 

2, Distance 

3, Shielding 



INTERNAL EXPOSURE FROM DU 


A, Hazards 

1. Alpha 

2 . Beta 

3. Gamma 

B, Dose Reduction Methods 

1. Contamination Control 

2. Filtration Systems 

3. Respiratory Protection 



DU CONTAMINATION CONTROL 


A, Operation Specific 

1. Routine Surveys 

2. Follow-Up 
• Posting 
•Decontamination 



PREDICTING AND CONTROLLING RADIOLOGICAL HAZARDS 


A. Historical Data 

B. Current Conditions 

C. Operational Knowledge 

D. Procedure Compliance 

E. Sound Radiation Safety Practices 



RADIOLOGICAL SURVEILLANCE PROGRAM 


• Administration 

• Measurements 

• Protective Measures 


PROGRAM ADMINISTRATION 


Provide and Ensure Compliance With Procedures 
Ensure Regulatory Compliance 
Management Committment 


Documentation of Data 


RADIOLOGICAL MEASUREMENTS 


Dose-Level Measurements 

- Area Monitoring 

- Personnel Monitoring 

- Radioactive Shipment Surveys 

Surface Contamination Measurements 

- Routine Area Surveys 

- Tool/Equipment Surveys 

- Personnel Release Surveys 

- Decontamination Operations 

Airborne Contamination Measurements 

- Air Sampling 

- Smears/Swipes 

Dosimetry 

Bio-assay 


PROTECTIVE MEASURES 


•Protective Clothing 

• Respiratory Protection 

• Shielding 
Engineering Controls 



HISTORY OF DU PRODUCTION 


Manhattan Project 
Nuclear Weapon Development 


235 

U 

92 


239 

PU 

94 



MILITARY USES OF DU 


•Aircraft and Missile Conterweights/Ballast 

•Balancing Control Surfaces and Vibration Damping 
on Aircraft 

•Spotter Rounds 

•Armor Piercing Projectiles 

•Special Purpose Artillery Shells 


• Weapons 


ADVANTAGES OF DU 


•High Density 

• High Strength 

• Pyrophoricity 

• (Ease of Fabrication 

• Relatively Low Fabrication Costs 


• Availability 



DISADVANTAGES OF DU 


• Radioactive Material 
•Pyrophoricity of Chips and Grindings 

• Increasing Disposal Costs 



URANIUM MINING 


Radiation Exposures 

External dependent on ore grade 

<1 men/hr typical 

Internal Radon & daughter products 



i 



Front End of the Uranium Fuel Cycle (ERDA 1975) 





WORKING LEVEL 


Working Level - A working level is equivalent to any 

COMBINATION OF RADON DAUGHTERS IN ONE LITER OF AIR 
WHICH WILL RESULT IN THE EMISSION OF 1.3 X 10^ MeV 
OF ALPHA ENERGY IN THE COMPLETE DECAY THROUGH ^Po« 

This potential alpha energy will occur when 100 pCi/* 
OF in air is in EQUILIBRIUM with its daughter 

PRODUCTS , 


1 WLM = 170 WL-hr 

Limit 0.3 WL 

A WLM PER YEAR 
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to use 



WORKING LEVEL 


KUSNETZ METHOD 

WL = CPM X E 
Vol x TF 


CPM = AVERAGE COUNT RATE OF SAMPLE IN COUNTS 
PER MINUTE 

E * Detector efficiency 

Vol = TOTAL VOLUME OF AIR SAMPLED (LITERS) 


TF = TIME FACTOR FROM KUSNETZ TABLE, 



Time factor as a function of Delay Time for the Modified 
Kusnetz Method 

This table gives the time factor |Tf) required in the modified Kusnetz equa- 
tion as a function of delay time.* ' The delay time is given in minutes and 
is equal to the difference between the counting midpoint (middle of counting 
start and end times from the sample analysis data sheet) and the collection 
end time from the sample collection data sheet. 


Delay time, 
min 

«- IE_ 

Delay Time, 
mi n 

~ TF_ 

Delay Time, 
min 

~ TF_ 

40 

150 

57 

116 

74 

84 

41 

148 

58 

114 

75 

83 

42 

146 

59 

112 

76 

82 

43 

144 

60 

110 

77 

81 

44 

142 

61 

108 

78 

78 

45 

140 

62 

106 

79 

76 

46 

138 

63 

104 

80 

75 

47 

136 

64 

102 

81 

74 

48 

134 

65 

100 

82 

73 

49 

132 

66 

98 

83 

71 

50 

130 

67 

96 

84 

69 

51 

128 

68 . 

94 

85 

68 

52 

126 

69 

92 

86 . 

66 

53 

124 

70 

90 

87 

65 

54 

122 

71 

89 

88 

63 

- 55 

120 

72 

87 

89 

61 

56 

118 

73 

85 

90 

60 


(a) Taken from Radiation Monitoring by the U.S. Dept, of Labor, 
Mine Safety and Health Administration. 


URANIUM MILLING 


Radiation Exposures 
External 
Internal 


<1 to 5 mrem/hr 

OREDUST 

PRODUCT 













URANIUM ENRICHMENT PROCESS 



URANIUM CONVERSION TO ORANGE SALT 


U0 2 (N0 3 ) 2 xH 2 0 » U0 3 + NO + N0 2 + 0 2 + xH 2 0 

Product - spderiods averaging 150-f^i diameter 
Dry - dense 

Wasteproducts concentrate decay products 



URANIUM CONVERSION TO ORANGE SALT U0 3 


PROCESS FLOW DIAGRAM 


uranium ora 
eoneantrata 


raffinate to recovery 4 . 





Flow Diagram of Conversion Processes 




ORANGE SALT, GREEN SALT, METAL 



fluoride 



Process Flow Diagram 





SOURCES OF EXPOSURE 


Changing hoppers 
Lidding and delidding drums 
Handling contaminated drums 
Adjusting weights at filling stations 
Dumping drums of concentrate 
Operating pot filling machine in metals plant 
Breakout of furnace pots and molds 
Cleaning uranium surfaces - regulus or ingot 
Cleaning graphite crucibles and molds 
Reassembly of crucible and mold parts 
Operating crushing or grinding equipment 
Changing receiving drums at dust collectors 
Cleaning out dust collector housings 
Cleaning out furnace enclosures 

Breaking up clogged material in containers., conveyors, downcomers, 

AND OTHER EQUIPMENT 



HEALTH PHYSICS CONCERNS 


UF/j - DRY GRANULAR POWDER 

Shipping Container - 5 gal metal cans 

Dose rates thru metal <5 mR/hr 
Unshielded material up to 225 mrad/hr 


Contamination Control 



HEALTH PHYSICS CONCERNS 


Filteration Systems 
HEPA Filters 
Filter Testing 


Intake - Exhaust Locations 



HEALTH PHYSICS CONCERNS 


Respiratory Protection 
Reg, Guide 8,15 
NUREG-0041 


ANSI-Z88.2 


GREEN SALT REDUCTION TO METAL 



Flowsheet for the production of uranium metal by the re- 
duction of UF 4 with magnesium. 














GREEN SALT REDUCTION 



V«wt Pill Funnti 



Equipment used for the formation of MgF 2 liner with funnel, 
mandrel, and bomb shell in place. 



GREEN SALT REDUCTION 
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URANIUM RECASTING 


\ 

i 



Consumable D.C. Arc Melting 


RECAST-PURIFICATION OF -PETAL 


Derbies, Recycle Crept, Briquettes 



Flowsheet for easting of uranium metal. 











CONVERSION OF DU DERBY TO COMPONENTS 


•Copper Cladding of Extrusion Billet 

- Lubrication Enhancement 

- Contamination Reduction 

- Galling Problem Avoidance 

- Flow Characteristics 


CONVERSION OF DU DERBY TO ROD 


•Mechanical Process 

- Preparation of Workpiece 

- Pre-Heat 

- Extrusion (Through a Die) 

- Forging (Through Mechanical or Hydraulic Press) 

- Swaging (Hammer Forging) 

- Survey and Clean-Up 



HAZARDS ASSOCIATED WITH MECHANICAL PROCESS 


•Exposure Rates (External) 

• Oxidation (Contamination) 

•Both Greatly Reduced by Copper Cladding 

•Exposure Control/Evaluation 

- Protective Apparel 

- Dosimeters 


CONVERSION OF DU ROD TO PENETRATOR 


• Machining 


• Lathing 





HAZARDS ASSOCIATED WITH MACHINING/LATHING 


• External Exposure 

- Whole Body, Hands, Eyes, Skin 

•Exposure Control/Evaluation 

- Protective Apparel, Safety Glasses 

- Placement/Shielding of Material Not Being Worked 

- Controlled Entry Into Work Area . 

- Direct Instrument Surveys and Dosimeters 


HAZARDS ASSOCIATED WITH MACHINING/LATHING 


•Potential Internal Exposure 

- Inhalation, Ingestion, Injection 

• Exposure Control 

- Air Sampling 

- Respirators/Engineering Controls 

- Protective Apparel " 

- Frequent Surveys/Decontamination 

- Controlled Entry Into Work Area 

- Step-Off Pads/Exit Surveys 



INTERNAL EXPOSURE EVALUATION 


Lung and Whole Body Counting 
Urinalysis/Fecal Analysis 
Evaluation of Air Sample Data 



HEALTH PHYSICS CONCERNS 


Pyrophoricity 
Waste Management 

L« v "'T 

I OO LAM^^y 


k ' \ X • 0 s*~ u •- 


\^S 






PERSONNEL DU DOSIMETRY PROGRAM 


Program Goals and Requirements 

- Control of Occupational Exposure 

- Dose Assignment from Dosimetry Data 

- Accurate, Retrievable Data Storage 



PERSONNEL DOSIMETER TYPES 


•Photographic Film 
•Thermoluminescent Dosimeters 
•Self-Reading Pocket Dosimeters 
•Pocket Alarming Dosimeters 


Finger Ring Dosimeters 



PHOTOGRAPHIC FILM 


Principles of Operation 
Dosimeter Design 
Processing Techniques 
Interpretation and Calibration 


Advantages and Limitations 


THERMOLUMINESCENT DOSIMETERS (TLD) 


Principles of Operation 
Dosimeter Design 
Processing 

Interpretation and Calibration 


Advantages and Limitations 



SELF-READER AND POCKET ALARMING DOSIMETERS 


Principles of Operation 

- Self-Reading Pencils 

- Pocket Alarming Dosimeters 

Interpretation and Calibration 


Advantages and Limitations 



IMPORTANT FACTORS FOR ACCURATE DOSE ASSIGNMENT 

• Proper Dosimeter Placement on Personnel 

A ‘ : - 

• Identify Energy Response - 

» ' Si 

• Proper Cali brat ion/NBS Traceability 

• QA of Processing Techniques 

• QA of Record Keeping System 



RADIATION DETECTION INSTRUMENTS 


Dose Rate Instruments 
Ionization Chambers 
Energy Compensated GM Detectors 
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RADIATION DETECTION INSTRUMENTS 


Survey Instruments: 

Alpha Proportional Counters 
Scintillation Detectors 
Geiger-Mueller Detectors 


RADIATION DETECTION INSTRUMENTS 


Laboratory Counters 

Calibration 
Performance Checks 
Records 


Quality Assurance 



RADIATION DETECTION INSTRUMENTS 


RESISTOR-^ 


' PULSE 


X^CAPACITOR 


^INSULATOR 


HI I 


POWER SUPPLY 


■= ground 


\ 

ION CHAMBER 
(CATHODE) 


COLLECTING ELECTRODE 
(ANOOE) 


Simplified Version of a Chamber Used to Collect Ions 




PULSE HEIGHT 

(NUMBER Of ELECTRONS COLLECTED ON ANODE PER INTERACTION! 


* 


. ..,ic ^ 


r 

RADIATION DETECTION INSTRUMENTS 

L * 


!j 









COUNTING RATE (COUNTS/MIN) 


20,000 


10,000 


0 


RADIATION DETECTION INSTRUMENTS 


// 

BETA PLATEAU 


/ 

/ 

/ 

: ALPHA PLATEAU S 



/ 

/ 

y/J t — i 1 i L 1 i i \ 1 i 1 I 

800 1000 1200 1400 1600 1800 2000 

COUNTER VOLTAGE (VOLTS) 

Plateaus for Typical Proportional Counter 


RADIATION SURVEY INSTRUMENTS 
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FIRE HAZARDS OF DU MUNITIONS 


•Review of DU Penetrator Ammunition 

- Favorable Penetrating Characteristics 

- Relative Scarcity of Competitive Metal 

(Tungsten) 

- High Availability of DU 



EXPERIMENTAL DATA FROM HEAT TEST (XM774) 

•Test Description 

•Propellant Ignition (Metal Shell Casing) 
•Distribution of Disrupted Rounds 
•Effects of Fire on DU Penetrators 
•Radiological Hazards in Close Proximity 
•Radiological Hazards Downwind 
•Recovery Percentages of Original DU Weight 




Schematic of Test Grid Indicating Position and Distances 
from Ground Zero of Projectiles After Burn Test 




EXPERIMENTAL DATA FROM HEAT TESTS (XM 829 ) 

•Test Description 

•Propellant Ignition (Combustible Casing) 
•Disposition of Rounds 

•Effects of Fire on DU Penetrators 

- Remnants 

- Oxidation 

•Radiological Hazards in Close Proximity 
•Radiological Hazards Downwind 
•Recovery Percentages of Original DU Weight 



1280 



8 9 


27:50 TO 04/19/83 21 :52:50 
IVISION = 1 HOUR 

t Test Time Vs. Temperature 




CONCLUSIONS OF XM774 AND XM829 HEAT TESTS 


•Firefighting Versus Time 

c . ^ ■. V c -^ 

- XM774 

- XM829 ,io^ 

' v v- 3\ 'i, c\k.-e-k 

•Radiological Control Suggestions During and 
Following Fire 

- During DU Fire 

- During Cleanup Operations t j% 



FINDINGS OF LOS ALAMOS HEAT TEST 


•Test Conditions 


•Conclusions 



HtAC I ION RATE, mg0 2 /(sq cm)(min) 



TEMPERATURE. °C 

_l I I I I I I I 

0.9 1.1 1.3 1.5 1.7 1.9 2.1 2.3 

RECIPROCAL ABSOLUTE TEMPERATURE, 1 000/T. °K 

Oxidation Rates of Uranium in Air and Oxygen 
(L. Baker, Jr. and J. 0. Bingle 1966) 



HEAT LOSS OR GENERATIN RATE. cal/(sq cm)(sec) 




IGNITION TEMPERATURE. °C 











Fig. 13. 

Penetrators after exposure to air at the listed temperatures. 




Fig. 15. 

Penetrators exposed to CO, -air mixture at the listed temperature. 





Burn 4 penetrators after cleaning by wire brushing. 


DEMILITARIZATION OF DU AMMUNITION 


• Large Calibre (75mm 
•Small Calibre (10mm 


155mm) 

30mm) 



DU MUNITION STORAGE 


•Periodic Area Surveys - A '" ' So 4 

i > i ■: l. 


Exposure Rates 

/ ’ Vo ’ 5 >C ;XV"‘ 

z v* * *-■ 5 * * 

Contamination 


(. ^ v~^- .f 

■5 — \ 0 dc^ C' 0‘ • a\ 


•Posting 


FIRE IMPLICATIONS FROM STORAGE OF DU AMMUNITION 

•Igloo Fire 

- Unsustained 

- Sustained 

• Response 

• Meterology Considerations 

• Controls/Evaluations 


.v TABLE I FOR STABILITY CLASS B 

r L- 

\ ' 

^ •, ! CONCENTRATION-TIME FACTOR 


Source 

25 

8 

2.5 

Strength 

mg-hr/m**3 

mg-hr/m**3 

mg-hr/m**3 

i. ' 

* ‘v ■ - 

< i 1/' ’ * * 


Distances 

V o 


kg-s/m 

km 

km 

km 

100 

0.144 

0.255 

0.454 

200~- - 

0.206— - 

0.36 • 

0.628-^ 

500 — 

0.323.-_-J 

0.566 

0.936 

800 

0.405 .... 

0.693 ... 

1.124 

1000— 

0.454 — 

0.758— 

1.224-rr-- 

2000 — 

0 . 627__ 

1.02 

1.591 

5000 . 

0.936 

1.452 -- 

2.227-7 

8000 

• 1.117 * 

i *'■' 

1.74. ... 

2.607 

10000—-- 

1.219 * 

1.893 . 

2.809 ' 

20000 

1.585 

. 2.4 

3.569 

50000 *** 

2.226 

3.268 

5.066— 

80000 . 

* 2.609 

3.841 

6.196 

100000 

2.796 

4.189 

6.77 


Source 

Strength 

< 

kg-s/ra 

100 

200 "-^ 
500~ 
800 . 
1000 — 
2000 .:. 
5000 - 
8000 
10000 . 
20000 " 
50000' ' 
80ooov; 


TABLE-1I-FGR-STABILITY CLASS-D 


CONCENTRATION-TIME 'FACTOR 

25 - 8 2.5 


mg -hr/m* *3 

mg-hr/m**3 

mg-hr/m**3 


Distances o* 

* >> 


km 

km 

km 

0.217 

0.392 

0.777 

0.321”- 

0.603 — 

1.149;*:: 

0.532 r 

0.9947Ct 

1.956_” 

0.696 

1.308 . 

2.528 

0.781=^ 

1.49. 

2.843--. 

1.146. 

2.204 — 

4.247 - 

.1.95. 

3.664- 

7. 227_. 

2.512 VV. 

» ,r ‘ 

4.854 

9.505“" 

2.828 — 

5.518 

10.804 

4.253 - 

8.311 - 

16.353 

7.203’ 

14.144 

28.336 - 

* 9.514.= 

18.741 

36.544 

10.867 

21.42 

• 41.441 


100000 



( 


Source 

Strength 

4 

kg-s/m 

100 

200 ^ ' 
500 - 
800 

1000 ~- 
2000 
5000 — 
8000 • 
10000 
20000 
50000 
80000 


• • TABLE III FOR. STABILITY CLASS F 
CONCENTRATION-TIME FACTOR 


25 

8 . 

2.5 

mg-hr/m**3 

mg-hr/m**3 

mg-hr/m**3 

Distances *, 

^ N> 


km 

km ... 

km 

0.356 

0.654 

1.252 

0.516 

0.949-:- 

1.895— 

0.834- 

1.637 

304 

1.095 

2.149 

4.299 - 

1.248 _ 

2.417... 

4.912 

1.896 : 

3.663 - 

7.92 .. 

3.133 

6.58 - 

14.384 - 

4.289 

9.13 

19.555 

4.916 

10.555 

22.663 . 

7.897-“ 

16.666 

35^9 - 

14.441 

30.387 

65.427._. 

* 19.61 

41.598' 

87;065 

22.727 

47.986 

100.648 


100000 
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SECOND 


CONTROL BOUNDARIES FOR FIRES 


METERS 


• -90000 


100000 



BOUNDARIES FdR DIFFERENT STABILITY 
CLASSES 






DU MUNITION TRANSPORT 


• Compliance With Regulations 

• Shipment Surveys (Proper Instrument Selection) 

- Exposure Rates 

- Contamination 

• Shipping Papers in Order 

•Ensure That Recepient is Authorized to Receive Shipment 












TLD Measurements (mrem/hr) of Bare Penetrator 



TLD Measurements (mR/hr) of Two Individual Projectiles 




















Mlcro-R Measurements (mR/hr) of 16-Round Pallet 






FIRE IMPLICATIONS FROM UPLOADED VEHICLE (TACTICAL) 


•Tank Fire 

- Unsustained 

- Sustained 

• Response 

•Downwind Considerations 

- Meterological Conditions 

• Controls 

•Dose Evaluations 



MUNITIONS QUALITY CONTROL 

Small Caliber (10 - 30 mm) 

Large Caliber (75 - 155 mm) 



DOA SUPPLIER SURVEYS 


PreAward and Post Award 

Health Physics 


Fire Protection 



SUPPLIER HEALTH PHYSICS PROGRAM 


License 

Radiation Protection Organization 
Personnel Selection and Training 
Exposure Controls 


Records 



SUPPLIER HEALTH PHYSICS PROGRAM 


Radioactive Waste Management 
ALARA Program 
Facilities and Equipment 


Emergency Preparedness 



SUPPLIER FIRE PROTECTION 


Pre Fire Planning 
Fire Prevention 
Fire Extinguishing 
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AEROSOL SAMPLING 


Uranium Mines and Mills 
Uranium Processing Plants 
Munition Assembly Plants 
Munition Storage Facilities 



CLASSIFICATION OF AEROSOLS 



AEROSOL SAMPLING 


Respirable - that portion of the inhaled dust which 

IS DEPOSITED IN THE NON-CILIATED PORTION OF THE LUNGS, 


AEROSOL SAMPLING 


Aerodynamic Diameter (pm) 

Percent Respirable 
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AEROSOL SAMPLING 


/ 



Calculated deposition of particles in the nasopharyngeal (N-P), tracheobronchial 
(T-B), and pulmonary (P) compartments, relative to number inhaled. 




AEROSOL SAMPLING 


Selection of Sampling Locations 

Area Sampling 
Personnel Sampling 
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AEROSOL SAMPLING 
Selection of Sampling Equipment 
Air Samplers 
Filter Media 



AEROSOL SAMPLING 


Sampling Frequency 
Records Requirements 



ENVIRONMENTAL MONITORING 


Relationship to Radiation Safety Program 
Elements of the Environmental Monitoring Program 
Records Requirements 


CONSTANTS AND FORMULA 


1 Ci = 3.7 x 10 10 dps = 2.22 x 10 12 dpm 
3.6 x ID' 7 Ci /g Dei 
453.59 grams/pound 
5.26 x 10 5 min/year 
N = 6.023 x 10 22 atoms /mole 
28,320 cc/ft 3 

O 

t l/2 U 235 = 7.1 x 10 years 
t l/2 U 234 = 2,47 x 1q5 years 

Q 

t l/2 U 238 = 4 * 51 x 10 y ear s 
t l/2 Th 234 = 24,1 d 

t l/2 Th 230 = 8,0 x 1C)4 y 
^^222 " 3.82 days 

Ra 226 = 1602 y 
A = 0.693/t^2 

Specific Activity = - x *; 872 x 12 

* 1/2 

N = number of atoms/gram 

ti/2 = ™ seconc * s 
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APPLICATIONS OF BIOASSAY FOR URANIUM 


A. INTRODUCTION 

Section 20.108, ‘Orders Requiring Furnishing of 
Bioassay Services,” of 10 CFR Part 20, “Standards for 
Protection Against Radiation,” states that the Atomic 
Energy Commission may incorporate in any license 
provisions requiring bioassay measurements as necessary 
or desirable to aid in determining the extent of an 
individual’s exposure to concentrations of radioactive 
material. As used by the Commission, the term bioassay 
includes in vivo measurements as well as measurements 
of radioactive material in excreta. This guide provides 
criteria acceptable to the Regulatory staff for the 
development and implementation of a bioassay program 
for mixtures of the naturally occurring isotopes of 
uranium — U-234, U-235, and U-238. The guide is 
programmatic in nature and does not deal with labora* 
tory techniques and procedures. Uranium may enter the 
body through inhalation or ingestion, by absorption 
through normal skin, and through lesions in the skin. 
However, inhalation is by far the most prevalent mode 
of entry for occupational exposure. The bioassay pro- 
gram described in this guide is applicable to the 
inhalation of uranium and its compounds, but does not 
include the more highly transportable compounds UFg 
and UO 2 F 2 . 

Significant features of the bioassay program devel- 
oped in this guide are listed below: 

1. A bioassay program is necessary if air sampling is 
necessary for purposes of personnel protection. The 
extent of the bioassay program is determined by the 
magnitude of air sample results. 

Z A work area qualifies for the “minimum bioassay 
program” so long as the quarterly average of air sample 
results is <10% of the Derived Air Concentration (DAC) 
and the maximum used to obtain the average is <25% of 


DAC. It must be demonstrated that air sample results 
used for this purpose are representative of personnel 
exposure. 

3. Under the minimum program, bioassays are per- 
formed semiannually or annually for all workers to 
monitor the accumulation of uranium in the lung and 
bone. More frequent bioassays are performed for a 
sample of the most highly exposed workers as a check 
on the air sampling program; these bioassays are per- 
formed at sufficient frequency to assure that a signifi- 
cant single intake of uranium will be identified before 
biological elimination of the uranium renders the intake 
undetectable. 

4. If a work area does not qualify for the minimum 
program, bioassays in addition to the minimum program 
are performed at increasingly higher frequencies, de- 
pending on the magnitude of air sample results. 

5. A model is used which correlates bioassay measure- 
ment results with radiation dose or with uptake of 
uranium in the blood (chemical toxicity). 

6. Actions are specified, depending upon the dose or 
uptake indicated by bioassay results. These actions are 
corrective in nature and are intended to ensure adequate 
worker protection. 

7. Guidance is referenced for the difficult task of 
determining, from individual data rather than models, 
the quantity of uranium in body organs, the rate of 
elimination, and the dose commitment. 

This bioassay program encourages improvement in 
the confinement of uranium and in air sampling tech- 
niques by specifying bioassays only to the extent that 
confinement and air sampling can not be entirely relied 
upon for personnel protection. 
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(3) Personnel, space, equipment, and support 
resources should be provided as necessary to conduct the 
program. 

(4) An effective method of periodic internal audit 
of the protection program should be maintained. 

(5) Before assigning employees to work in an area 
where exposure to uranium contamination may occur, 
action should be taken to ensure that facility and 
equipment safeguards necessary for adequate, radiation 
protection are present and operable, that the employees 
are properly trained, that adequate procedures are 
prepared and approved, that an adequate surface and air 
contamination survey capability exists, that a bioassay 
program at least equivalent to the program described in 
this guide will be maintained, and that survey and 
bioassay records will be kept. 

b. Bioassay Program 

In the development of a bioassay program the 
following guides should be implemented: 

(1) Necessity 

The determination of the need for bioassay 
measurements should be based on air contamination 
monitoring results in accordance with criteria contained 
in this guide. 

(2) Preparatory Evaluation 

Before assigning an employee to work in an 
area where substantial exposure to uranium contami- 
nants may occur, his condition with respect to radio- 
active material of similar chemical behavior previously 
deposited and retained in his body should be determined 
and the necessity for work restrictions evaluated. 

(3) Exposure Control 

The bioassay program should include, as appro- 
priate, capabilities for excreta analyses and in vivo 
measurements, made separately or in combination at a 
sufficiently high frequency to assure that engineered 
confinement and air and surface contamination surveys 
are adequate for employee protection. The program 
should include all potentially exposed employees. 

(4) Diagnostic Evaluation 

The bioassay program should include capabili- 
ties for excreta analyses and in vivo measurements as 
necessary to estimate the quantity of uranium deposited 
in the body and/or in affected organs and the rate of 
elimination from the body and/or affected organs. 


3. Operational Guidance 

a. Criteria for Determining the Need for a Bioassay 

Program 

Where air sampling is required for purposes of 
occupational exposure control, bioassay measurements 
are also needed (Table 1). The bioassay frequency 
should be determined by air sample results as averaged 
over 1 quarter. 

Testing should be performed to determine whether 
air sampling is representative of personnel exposures. Air 
sample results which have been verified as representative 
may be used to determine the quarterly average. 

If the 1-quarter average does not exceed 10% of 
the appropriate Derived Air Concentration (DAC) from 
Appendix B to 10 CFR Part 20 and if the maximum 
result used in the calculation of the average does not 
exceed 25% of DAC, only a minimum bioassay program 
is necessary (Table 2). If the 1-quarter average exceeds 
10% DAC, or if the maximum result exceeds 25% of the 
DAC, additional bioassays are necessary (Table 3), 
except as noted below. Frequency criteria for both cases 
are discussed in Section C.3.c. The approach is illus- 
trated in Figure 1. 

The additional bioassays are not performed for a 
specific individual if the licensee can demonstrate that 
the air sampling system used to protect the individual is 
adequate to detect any significant intake and that 
procedures exist for diagnostic bioassays following 
detection of an apparently large intake. 

The necessity for bioassay measurements may also 
arise following an incident such as a fire, spill, equip- 
ment malfunction, or other departure from normal 
operations which caused, or could have caused, abnor- 
mally high concentrations of uranium in air. Criteria for 
determining this necessity are shown in Figure 2. (The 
term “Early Information” refers to an instrumented air 
sampler with an alarm device.) Reliance cannot be 
placed on nasal swab results from mouth breathers; 
bioassays should be performed. 

Special bioassay measurements should be per- 
formed to evaluate the effectiveness of respiratory 
protection devices. If an individual wearing a respiratory 
protection device is subjected to a concentration of 
transportable uranium in air within a period of 1 week, 
such that his exposure with no respiratory protection 
device would have exceeded 40 x DAC MCi-hr/cc, 
urinalysis should be performed to determine the result- 
ing actual uranium uptake. If an individual wearing a 
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frequent bioassays should be performed even though 

C 're is no such indication from air samples. In this case, 
ever, improvements in the air sampling program are 
.^uired rather than more frequent bioassays. The 
appropriate frequency can be determined from air 
sample data if the air sampling program is adequately 
representative of inhalation exposures. 

If workers are exposed to a mixture of uranium 
compounds, the DAC for the mixture, DAC m , should be 
calculated as 



where DACj is the DAC for the ith compound and fjisa 
fraction representing the contribution of the ith com- 
pound. The calculation of fj depends on the exposure 
mode. If the material is a mixture, fj is the activity 
fraction. For exposure in more than one area, fj is the 
time fraction spent in the ith area. As an alternative 
DAC m may be taken as the lowest DACj. As to the 
quarterly average for air samples, if the material is a 
mixture and exposure occurs in only one area, the 
quarterly average calculation, applicable to all workers in 
the area, should be performed as for non-mixtures, i.e., 
from samples characterizing conditions in the area. If 

C oosures occur in several areas, the quarterly average 
; the mixture may be a time-weighted average for the 
individual, using quarterly average air samples that 
characterize full-time conditions in each area, i.e., 

n 

Q^m “ ^ fj QAj 
i=l 

where QAj is the quarterly average for the ith area and fj 
is the time fraction of the quarter that the individual 
worked in the ith area. As an alternative, QA m may be 
taken as the highest QAj. 

Figure 5 indicates that a urinalysis measurement 
sensitivity of about 0.7 pCi/1 is required to detect the 
equivalent of 1 MPD C following a single exposure to 
Class (Y) materials with neither Class (D) nor Class (W) 
“tracer” dusts present. To obtain this sensitivity, a 
chemical concentration procedure is necessary. Fecal 
analysis is recommended as an alternative, using the 
frequency schedule given for urinalysis. 

If work restrictions that have been imposed do not 
involve total exclusion from restricted areas, it is 
necessary to ensure that bioassay measurements made 
for the purpose of removing work restrictions are 
'rformed at least as frequently as would be required for 
jrposes of exposure control. 


A monthly in vivo frequency may be reduced to 
quarterly if weekly fecal analyses are made, with an in 
vivo measurement at the end of the quarter. An in vivo 
measurement should be performed as soon as practicable 
if the excretion rate exceeds 7 pCi/day Class (Y) or 700 
pCi/day Class (W). For lower results the following 
procedure should be followed. Results from the first 4 
weekly specimens should be plotted (semilog) against 
time, and a best fitting curve should be extrapolated to t 
= 0, thus obtaining an estimate of the initial excretion 
rate, (dP 7dt) 0 , and the individual’s half-life, T. The dose 
commitment, D c , should be estimated using these values 
with the following equation: 

D « = 8 - 4T2 [f : ]o 

where T is in days and (dP 7dt) 0 is in ^Ci/day. The 
actions indicated in Table 4 should then be taken. This 
procedure should be repeated at the end of 8 weeks 
when results from 8 specimens are available. At the end 
of the quarter D c should be evaluated using results from 
all 12 specimens. If the indicated D c is < 3 rems, the in 
vivo measurement may be considered unnecessary. If the 
D c indicated by the fecal data exceeds 3 rems, the in 
vivo measurement should be performed. 

A quarterly in vivo frequency may be reduced to 
semiannual if monthly fecal analyses are made, with an 
in vivo measurement at the end of 6 months. If any 
result exceeds 7 pCi/day Class (Y) or 460 pCi/day Class 
(W), an in vivo measurement should be performed as 
soon as practicable. For lower results the following 
procedure should be followed. Results from the first 3 
specimens should be plotted (semilog) against time, and 
a best-fitting straight line should be extrapolated to 
t=0. Values for (dP/dt) Q and T for the individual 
should be obtained and used in the above equation to 
estimate D c . The actions indicated in Table 4 should 
then be taken. At the end of the fourth and fifth month, 
D c should again be evaluated using results from all 
specimens. At the end of the 6-month period, the in vivo 
measurement should be performed. 

Fecal specimens used for this purpose should be 
obtained after 2 or more days of no exposure, in the 
extrapolation of excretion rate data to t = 0, it is 
necessary to ignore data points obtained for less than 2 
days after exposure. 

d. Participation 

All personnel whose regular job assignments 
involve work in an area where bioassay measurements 
are required should participate in the bioassay program. 
However, as long as air sample results qualify the area 
and group of workers for the minimum bioassay 
program, special consideration may be given in the case 
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TABLE 4 

ACTION DUE TO BIOASSAY MEASUREMENT RESULTS, RADIATION DOSE 
Result < 1/5 MPD c a 

Contamination confinement and air sampling capabilities are confirmed. No action required. 

1/5 < Result <1/2 MPD C 

Contamination confinement and/or air sampling capabilities are marginal. If a result in this range was expected because 
of past experience or a known incident, any corrective action to be taken presumably has been or is being 
accomplished; no action is required by the bioassay result. If the result was unexpected: 

(1) Confirm result (air sample data review, comparison with other bioassay data, additional bioassay measurements). 

(2) Identify probable cause and, if necessary, correct or initiate additional control measures. 

(3) Determine whether others could have been exposed and perform bioassay measurements for them. 

(4) If exposure (indicated by excreta analysis) could have been to Class (W) or Gass (Y) dust, consider the perfor- 
mance of diagnostic in vivo measurements. 

1/2 < Result < 1 MPD C 

Contamination confinement and/or air sampling capabilities are unreliable unless a result in this range was expected 
because of a known unusual cause; in such cases, corrective action in the work area presumably has been or is being 
taken, and action due to the bioassay result includes action (7) only. Conditions under which a result in this range 
would be routinely expected are undesirable. If the result was due to such conditions or was actually unexpected, take 
actions ( 1 ) through (4) and: 

(5) If exposure (indicated by excreta analysis) could have been to Class (W) or Gass (Y) dust, assure that diagnostic in 
vivo measurements are performed. 

(6) Review the air sampling program; determine why air samples were not representative and make necessary 
corrections. 

(7) Perform additional bioassay measurements as necessary to make a preliminary estimate of the critical organ 
burden; consider work limitations to ensure that the MPD C is not exceeded. 

(8) If exposure could have been to Class (Y) dust, bring expert opinion to bear on cause of exposure, and continue 
operations only if it is virtually certain that the limit of 1 MPD C will not be exceeded by any worker. 

Result >1MPD C 

Contamination confinement and/or air sampling capabilities are not acceptable, unless a result of this magnitude was 
expected because of a known unusual cause; in such cases, corrective action in the work area presumably has been or is 
being taken, and action due to the bioassay result includes actions (10) and (1 1) only. Prevalent conditions under which 
a result in this range would be expected are not acceptable. If the result was due to such conditions or was actually 
unexpected, take actions (1) through (7) and: 

(9) Take action (8), regardless of dust classification. 

(10) Establish work restrictions as necessary for affected employees. 

(11) Perform individual case studies (bioassays) for affected employees. 


a The annual MPD C is a 50-yr integrated dose of 15 rems to the lung or 30 reins to the bone. 
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j by in. vivo techniques is shown in Figure 15 for Class (W) 

C rials and in Figure 16 for Class (Y) materials, 
imended actions, from Table 4, are indicated, 
.w* figures are applicable to uranium of 20 w/o 
U-235; scaling factors are provided in Figure 17 for 
other enrichments. 

(5) Exposure to Mixtures 

If a positive urinalysis specimen is obtained 
following exposure to a mixture that included significant 
quantities of Class (Y) materials, actions (1) through 
(11) in Table 4 should be taken. 

If the exposure was to a mixture of Class (W) 
dust and Class (D) dust with chemical toxicity limiting, 
the urinary uranium mass concentration should be 
determined and the curves in Figure 9 used to determine 
the required actions from Table 5; the activity concen- 
tration should also be determined, using Figure 12 with 
Table 4. 

If exposure was to a mixture of Class (W) dust 
and Class (D) dust with bone dose limiting, it is 
necessary to estimate the fraction of the dust inhaled 
that was Class (W), f w , and the fraction that was Class 
(D), f^. It is also necessary to determine the urinary 
excretion factors, E w and E^, that would be applicable 
at the time the specimen was obtained; Figure 18 may 

C Msed for this purpose. If R represents the bioassay 
l in pCi/day, Rj the Class (D) component and R w 
„ Class (W) component, such that R= R^ + R w , then 

Rd = fd^d^/^d^d * ^w^w) 

R w = fw^wR/^d^d + f\v^w) 

These results should be converted to concentra- 
tion using the factor 1.4 1 / day. Then the curves in 
Figure 8 or Figure 12 should.be used to determine the 
required actions from Table 4. 

If positive in vivo results are obtained following 
exposure to a mixture of Class (W) and Class (Y) 
materials, Figure 16 should be used to determine the 
required actions from Table 4. 

(6) Lung Burden Correlations, Continuous Intake 

In some working areas airborne uranium is 
routinely present and is responsible for the chronic 
appearance of uranium in urine. Continuous intakes of 
this nature may also be responsible for chronically 
positive in vivo measurement results. Under these condi- 
tions positive bioassay results are expected, and the 
monitoring tasks are to measure the lung burden buildup 
and to identify single intake peaks above this expected 
/ 'l. Thus it is evident that for purposes of exposure 


control the chronic levels due to continuous intake do 
not alter the approach outlined for the detection of 
single intakes. 

The correlation between in vivo measurements 
of U-235 and lung burden is shown in Figure 19. In vivo 
measurements are considered to be much more reliable 
than urinalysis for Class (W) and Class (Y) materials. 
However, urinalysis may be used to indicate that in vivo 
measurements are promptly needed. The average value 
from several urinalysis results (R) can be used with 
Figure 20 to estimate the number of maximum per- 
missible lung burdens (MPLB = 0.016 iiC i). Arrange- 
ments for in vivo measurements should^ be undertaken 
when 0R is found to exceed 0.5. If 0R>1, additional 
exposure should be avoided until in vivo results are 
available. 

(7) Referral to a Physician 

When confirmed bioassay measurement results 
indicate that the Maximum Permissible Annual Dose 
(MPAD) to the lung or bone has been or will be 
exceeded by a factor of 2, the affected individual should 
be so informed, and referral to a physician knowledge- 
able in the biological effects of radiation and conversant 
in the nature and purpose of regulatory dose limits 
should be considered. 

When confirmed bioassay results indicate that 
an exposure to uranium has resulted in an uptake by the 
blood of more than 2.7 mg within 7 consecutive days or 
less, the affected individual should be informed of his 
exposure and referred to a physician knowledgeable in 
the chemical effects of internally administered uranium. 

(8) Work Restrictions 

AEC regulations establish an upper limit on 
exposures during a specified period of time; it follows 
that work restrictions may be necessary to prevent 
exposures from exceeding this limit. Such restrictions 
may also be necessary to prevent the deposition of 
uranium in the body in such quantity that: 

(i) the mass of uranium entering the blood 
will exceed 2.7 mg in 7 consecutive days; 

(ii) the activity present in the lung will pro- 
duce an annual dose-equivalent to the 
pulmonary region exceeding 15 rems; 

(iii) the activity present in the bone will 
produce an annual dose-equivalent to the 
bone exceeding 30 rems. 

For personnel who have a body burden of 
uranium that is producing an annual dose -equivalent 
greater than 15 rems to the pulmonary region of the 
lung or 30 rems to the bone or both, work restrictions 
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Figure 1 Criteria for Initiating Additional Bioassays, Routine Conditions 
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Figure 2 Criteria for Diagnostic Bioassays Durings Special Investigations 
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Figure 4 Maximum Time Between Specimens to Detect Uptake of 
2.7 mg Class (D) Uranium, w/o U-235 <80 
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Figure 10 Action Guide for Urinalysis Results Following Single 
Intake of Uranium, Chemical Toxicity 
























TIME AFTER BEGINNING OF EXPOSURE (DAYS) 


Figure 20 Model for Interpreting Urinalysis Results During Continuous 
Exposure to Constant Concentration of Uranium in Air 
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The Memorandum of Understanding with Israel, cbs&^Vhi/h 

|.h^S t T t °,J°VI! thC ? lnn ° ycr,tcrday a f ter noon and ano^Ts cs/py 
' I K at 5 a< r h u Cre ’ fuirills 1 believe the points you maclfc>/to 

me on the telephone Saturday and Sunday in that it does not 
contain anything which a moderate Arab nation could logically 
or accurately contend is directed against it. 

_ r ™ C ^'^cement is specifically designed for the sole purpose 
of deterring all tin eats from the Soviet Union” to the whole 
region, and is limited to threats caused by the Soviet Union 
or Soviet controlled forces from outside the region introduced 
in o the region.” Finally, the agreement provides that "it is 
not directed at any state or group of states within the region. 

** J* fended solely for defensive purposes against the above 
mentioned threat." The only military exercises mentioned arc 
naval and air exercises in the eastern Mediterranean Sea." 

Inis toes not specifically exclude land forces, but after a 
considerable negotiating struggle, it also docs not specifically 
identify land exercises, which we were told would have been 

seized on by the Arab nations as something inevitably directed 
against them. 

The other items in the agreement are mostly procedural 
and all are limited to activities designed to deter Soviet 
threats against the whole Middle East. 

i Aft( ; r so ' nc vcr >' intense bargaining, the atmosphere was very 
good, and at both the luncheon and the dinner which we gave for 

Minister Sharon he seemed pleased, relieved and, to some extent 
nappy. ’ 

As I mentioned, we had dispatched a team to Saudi Arabia 
tc emphasize to Prince Sultan the narrow scope of the agreement 
and our Ambassadors in Egypt and Jordan will perforin the same 
funct ion . there. Our background press briefing will also empha- 
sizc that we have joined up with Israel in this aerccmcnt 

soicty for the purpose of deterring Soviet threats avainst the 
whole region. 
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The same agreement will be offered to any moderate Arab 
state that wishes to sign or enter into oral agreements to 
the same effect, While it is doubtful that any will accept, 
it should be further evidence to them that the military security 
arrangement is not unique nor is it directed .against them. 
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MEMORANDUM OF UNDERSTANDING 
BETWEEN 

THE GOVERNMENT OF THE UNITED STATES • 
AND 

THE GOVERNMENT OF ISRAEL 
ON 

STRATEGIC COOPERATION 






PREAMBLE 


Thi3 Memorandum of Understanding reaffirms the common bonds of friendship 
between the United States and Israel and builds on the mutual security 
relationship that exists between the two nations* The Parties recognize the 
need to enhance Strategic Cooperation to deter all threats from the Soviet 
Union to the region. Noting the long-standing and fruitful cooperation for 
mutual security that has developed between the two countries, the Parties 
have decided to establish a framework for continued consultation and 
cooperation to enhance their national security by deterring such threats 
to the whole region. 

The Parties have reached the following agreements in order to achieve the 
above aims. 

ARTICLE 1 

United States-Israeli Strategic Cooperation, as set forth in this Memorandum, 
is designed again*, t the threat to peace and security of the region caused by 
the Soviet Union or Soviet-controlled forces from outside the region introduced 
into the region. It has the following broad purposes: 

a. To enable the Parties to act cooperatively and in a timely manner to 
deal with the above mentioned threat. 

b. To provide each other with military assistance for operations of 
their forces in the area that may be required to cope with this threat. 

c. The Strategic Cooperation between the Parties is not directed at any 
State or group of States within the region. It is intended solely for 
defensive purposes against the above mentioned threat. 
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ARTICLE II 


1. The fields in which Strategic Cooperation will be carried out to prevent 
the above mentioned threat from endangering the security of the region include: 

a. Military cooperation between the Parties, as may be agreed by the 
Parties. 

b. Joint military exercises, including naval and air ^xercises in the 
Eastern Mediterranean Sea, as agreed upon by the Parties. 

c. Cooperation for the establishment and maintenance of joint readiness 
activities, as agreed upon by the Parties. 

c* Other areas within the basic scope and purpose of this agreement, as 
may be jointly agreed. 

2. Details of activities within these fields of cooperation shall be worked 
out by the Parties in accordance with the provisions of Article III below. 

The cooperation will include, as appropriate, planning, preparations, and 
exercises. ^ 

ARTI CL E III 

1. The Secretary of Defense and the Minister of Defense shall establish a 
Coordinating Council to further the purposes of this Memorandum: 

a. To coordinate and provide guidance to Joint Working Groups; 

b. To monitor the implementation of cooperation in the fields agreed 
upon by the Parties within the scope of this agreement; 

c. To hold periodic meetings, in Israel and the United States, for the 
purposes of discussing and resolving outstanding issues and to further the 
objectives set forth in this Memorandum. Special meetings can be held at 

the request of either Pa^ty. The Secretary of Defense and Minister of Defense 
will chair these meetings whenever possible. 




2, Joint Working Groups will address the following issues. 

a. Military cooperation between the Parties, including joint US-lsraeli 
exercises in the Eastern Mediterranean Sea. 

b. Cooperation for the establishment of joint readiness activities 
including access to maintenance facilities and other infrastructure, consistent 
with the basic purposes of this agreement. 

c. Cooperation in research and development, building on past cooperation 
in this area. 

d. Cooperation in defense trade. 

c. Other fields within the basic scope and purpose of this agreement, 
such as questions of propositioning, as agreed by the Coordinating Council. 


3. The future agenda for the work of the Joint Working Groups, their 
composition, and procedures for reporting to the Coordinating Council shall be 
agreed upon by the Parties. ’ 

ARTICLE IV 

This Memorandum shall enter into force upon exchange of notification that 
required procedures have been completed by each Party. If either Party 
considers it necessary to terminate this Memorandum of Understanding, it may do 
so by notifying the other Party six months in advance of the effective date of 
termination. 

ARTICLE V 


Nothing in the Memorandum shall be considered as derogating from previous 
agreements and understandings between the Parties. 
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artic l e: vi 

The Parties share the understanding that nothing in this Memorandum i3 intended 
to or shall in any way prejudice the rights and obligations which devolve or 
may devolve upon either government under the Charter of the United Nations or 
under International Law. The Parties reaffirm their faith in the purposes and 
principles of the Charter of the United Nations and their aspiration to live in 
peace with all countries in the region. 




For the Government of the United States For the Government of Israel 


Caspar V/. Weinberger 
Secretary of Defense 


Ariel Sharon 
Minister of Defense 


